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= INTRODUCTION. 


That a comprehensive drainage program is essential for the proper — 
development of agriculture in the valley of the Red River of the 
North was recognized soon after farming began to be extensively 
practiced in that valley, about 1870. In the spring melting snow 
and rain combined are apt to cause high floods, which delay spring © 
planting, interrupt traffic on roads and railroads, and greatly hamper 
business. During the summer heavy storms covering relatively 
small areas often cause floods which do considerable damage. The 
watershed has an area of nearly 36,000 square miles, of which 8,500 
square miles lie within the valley. The initial effort toward a com- 
prehensive drainage plan was made at a convention at Crookston, 
Minn., in 1886, when it was arranged to prepare plans for draining 
six Minnesota counties bordering on the Red River. 

Drainage in this valley is an interstate matter because outlets 
are necessary into the Red River, the Bois de Sioux River, and 
Lake Traverse, which together constitute the boundary between Min- 
nesota and North Dakota, and a part of the boundary between Min- 
nesota and South Dakota. In 1900, as a result of the disastrous 
1897 flood in the valley, a tri-State drainage association was formed 
among property owners and other parties interested in the welfare 

WOsn2°= 72 4 1 


oe UE SS) eee S. DEPARTMENT OF AGRICULTURE. 


of the valley; and in ak an international drainage conference was 
_ held at Grand Forks, N. Dak., which was attended by delegates named © 
by the governors bf the three States in which the valley is situated 
and by delegates, f from Manitoba, Canada. Various plans for obtain- 
ing relief from floods and poor drainage conditions have been studied 
and much time and money have been expended onthem. A list of Fed- 
eral investigations up to 1915 is contained in House Document No. 
1666, Sixty-third Congress, third session. Aside from the Federal in- 
vestigations, numerous State and local organizations have from time 
to time taken action under the State laws. Some of the projects have 
led to considerable leg al contention. In addition to the fact that any 
project affecting this watercourse requires the joint action of the three 
States involved, the official designation of Lake Traverse and the Red 
River as navigable waterways makes it necessary that any plans for 
impr ovement that might affect the regimen of those waterways shall 
receive the approval of the Secretary a War. 

The attention of the Bureau of Public Roads was first called to.the 
project in August, 1916. In October, 1916, the bureau agreed to 
make a preliminary examination of the project provided the inter-— 
ested landowners should raise a fund to be used for paying certain 
incidental expenses. In the summer of 1918 a fund of $2,300 was 
provided by eight county boards. This fund was raised largely 
through the efeee of Mr. Herbert A. Hard, of the North Dakota 
Flood Control Commission. 

Field work on the project was begun in September, 1918, and was 
completed in April, 1920. P.-T. Simons, senior drainage engineer, 
was placed in charge of the project. He was assisted in the field by 
B. S. Clayton, Dan S. Helmick, and F. V. King, all drainage engi- 
neers of the bureau, and by Paul Funderhide, drainage assistant. 
Beas King, Guy L. Smith, and W. C. Whitey, drainage engineers, 
assisted in the pr oe of the report. 


SUMMARY OF RECOMMENDATIONS. 


The protection of the valley of the Red River of the North from 
oxerflow and the securing of adequate drainage for the low-level] lands 
in the valley require the construction of works—to prevent or to con- 
trol overflow, and to provide an outlet for the drainage of the entire 
watershed. Two interstate projects. are recommended and several 
State or local projects suggested: 


LAKE TRAVERSE-BOIS DE SIOUX PROJECT. 


In the upper portion of the watershed the Lake Traverse-Bois de 
Sioux project, affecting three States, is proposed to function as fol- 
lows: (1) By means of a detention reservoir in Lake Traverse run-off 
would be kept under control, and high-water discharge in the Red 
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_River-would be appreciably reduced in that part of the stream above 
the mouth of the Sheyenne River; (2) by the construction of drainage 
channels in the territory below the reservoir complete drainage of 
112,370 acres of land would be made possible. 

The estimated cost of improvements in this project is $1,400,000, 


/ approximately $12.50 per acre of land for which drainage outlets 


would be provided. 
RED RIVER PROJECT. 


In the Red River Valley proper, below the junction of the Otter 
Tail and Bois de Sioux Rivers, the Red River project, affecting two 
States, is proposed. It would function as follows: As a result of im- 
proving the river channel and constructing a flood by-pass channel, 
the discharge capacity of the stream would be so increased as to lower 
the high-water stages by 5 feet or more. In order to secure these re- 
sults at the international boundary it would apparently be necessary 
to continue the channel improvements for about 30 miles (measured 
along the river) beyond the boundary. The estimated cost of im- 
provements in this project is $4,000,000, or an average of $8 per acre 
for 500,000 acres of land on which overflow would be prevented. 

The completion of the two projects would render the State bound- 
ary streams capable of affording outlet drainage for the entire Red 
River watershed. Moreover, high-water stages would be reduced by 
5 feet or more, so that practicallyeno overflow would occur. 


STATE AND LOCAL PROJECTS. 


Serious overflow occurs along the tributary streams on both sides 
of the Red River and extensive areas need additional local drainage. 
In planning the above improvements due allowance has been made for 
the effects of such future local works. No plans nor estimates in detail 
for projects along the tributaries are submitted because no interstate 
problems will be involved. A summary of the Red Lake project, as 
proposed by the Corps of Engineers, United States Army, is, however, 
included. 

THE RED RIVER VALLEY. 


In this report Lake Traverse (see fig. 1) refers to the lake area 
lying along the State line between Browns Valley, Minn., and White 


Rock, S. Dak.. Bois de Sioux River refers to the watercourse ex- 


tending from the outlet of Lake Traverse along the State line to 

Wahpeton, N. Dak. The Red River proper is formed by the junc- 

tion of the Bois de Sioux River and the Otter Tail River at Wah- 

peton and extends northward to Lake Winnipeg in the Province of 

Manitoba, Dominion of Canada. It crosses the international boun- 
dary just north of Pembina, N. Dak. 
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Lake Traverse, the Bois de Sioux River, and the Red River form a, 
- continuous natural watercourse from Browns Valley, Minn., to the — 
- international boundary, a distance of 456 miles. From the outlet 
of Lake Traverse the stream follows a winding course through the 
center of a flat valley, the general direction of flow being almost due 
north (see fig. 1). The fall in general is slight and diminishes to- | 
ward the north (see fig. 2). The surface altitudes above sea level | 
are: 980 feet at Lake Trae 963 feet at Wahpeton ; 900 feet at 
Fargo; 830 feet at Grand ieee 789 feet at the international bound- 
ary; and 755 feet at Winnipeg, 62 miles north of the boundary. 


TOPOGRAPHY. 


The watershed of that part of the river above the international 
boundary has an area of 35,895 square miles (fig. 1). It consists of 
a broad plain flanked on the east and west by higher land. This 
central plain has a width of from 15'to 30 miles. To the eye the land 
appears level but it has a certain degree of natural drainage so that 
it can in no sense be classed asswamp land. The bordering land rises 
more or less sharply to the higher parts, which are from 300 to 700 
feet above the central portion of the basin. 

The eastern part of the watershed originally was forested and 
contained extensive swamps and many lakes. Much of the timber 
has been cut and the land cleared, so that at present it is estimated 
that not more than one-tenth of the whole watershed is forested. 
Probably 80 per cent of the prairie and cleared lands are now culti- 
vated, the remainder being utilized in raising grasses and for town 
and building sites, drainage channels, highways, and railroads. ~ 


GEOLOGICAL ORIGIN. 


Geologists state that during the glacial period the entire central 
portion of the valley was covered by glaciers which were ‘deepest ~ 
near the center of the valley. The glaciers moved toward the south 
and the water from them flowed to the scuth. As the glaciers melted 
and their southern edges receded, a barrier of earth, sand, gravel, 
and bowlders formed to the south of Lake Traverse. Water from 
the melting glaciers accumulated behind this barrier and formed a — 
lake that has since disappeared, which the geologists call Lake Agas- 
siz. There was not, however, sufficient water to erode the barrier © 
south of the lake. The glaciers continued to melt away until finally 
the water in the lake was enabled to drain away to the north into — 
Lake Winnipeg. Water from the melting glaciers, and that which — 
has been flowing off since the glacial period, eroded and formed the_ 
channels of the present watercourses. 
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The glaciers eroded the hills that then existed and filled the valleys. 
Rocks were ground into gravel and sand. As the glaciers receded to 
he north the materials deposited by them were further reduced by 
‘waves and currents in the lake. The streams brought down silt which 
was deposited in the lake. In this manner were formed the topo- 
‘graphical features and the soils now found in the watershed of the 
Red River. 


SOIL. 


The soils throughout the former glacial lake bed are deep, heavy, 
finely divided, well-compacted mixtures of clay, loam, and small pro- 
‘portions of very fine sand. For the first foot or more this mixture is 
deeply blackened by decayed organic matter. The soils of the valley 
“are classified by the United States Bureau of Soils (Bulletin 96, 1913) 
as the Fargo series of soils. Six types are mentioned: Clay loam, 
fine sandy loam, loam, fine sand, clay, and silt loam comprise the prin- 
cipal areas. In their natural condition most of these soils are poorly 
drained. . All are fertile and, when drained, admirably adapted to 
agricultural purposes. The soil of the upper levels of the watershed 
‘is less uniform in quality and somewhat less productive than that of 
the central valley, but through drainage, clearing, and proper farm- 
“ing methods practically all can be developed into excellent farm 
‘land. Along the edges of the central plain are found moraines and 
‘shore lines of the former lake. These are long, low ridges of sand 
.or gravel from a few hundred feet to a half-mile in width. Such 
land has less agricultural value than any other in the watershed. 


WATERSHEDS. 


The watersheds of the Red River and its tributaries are shown in 


figure 1, and their areas are given in Table 1. 


The Red River watershed has been subdivided as indicated on the 


map and in the table, for the purpose of comparing the precipitation. 
temperature, topography, soil, vegetation, and natural and artificial 
drainage of the different portions, as affecting run-off in the valley. 


UTILITY OF THE WATERCOURSES. 


Of the various ways in which the Red River and its tributaries - 


_ prove useful and valuable to the community the more important are 


_ the removal of excess water, water supply, sewage disposal, water 


power, and recreation, Commercial navigation although in earlier 
days of great importance has decreased until at present it is insig- 
-tificant. Commercial fishing is carried on to some extent in differ- 
ent parts of the watershed but the industry is of minor importance 
in the State boundary waters. Irrigation by water drawn from the 
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supply for nine cities and towns having a total population of about 


-and provide for future increased demands, this minimum flow should 
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ditions of flow are suited for this purpose there is no need for irri- | 
gation. 

Under the conditions existing in this valley the most im portau 
function of the watercourses is the removal of excess water. This 
constitutes a combined problem of drainage and flood control which 
is of vital interest over practically the entire watershed. This 
problem is discussed later in the report. 

The Red River and its tributaries are the source of the water 


69,000. The most important considerations in the use of streams 
for municipal water supply are the quantity and quality of the water. 
It is not sufficient that the total amount of -water passing throngh 
the stream channel during the year be great enough to supply de- 
mands; the flow must be so distributed, either naturally or by arti- 
ficial means, that at no time will it fall below a minimum consistent 
with safety. To insure a sufficient degree of dilution of impurities 


always be many times greater than the rate at which the water is 
withdrawn from the stream for use. In populated districts stream 
water is seldom of such quality that it can safely be used for domestic 
purposes without treatment.. Where the streams furnish the water 
supply the flow is abundant except at certain points on the Red Lake 
River where the flow during exceedingly dry seasons becomes so 
small as to occasion concern over the concentration of it impurities. 
The increase in minimum flow planned for this river as a part of the 
Red Lake project would improve this condition. In some of the 
smaller tributaries the dry-season flow is so slight that water supply 
from this source is: impracticable. In most cases the water taken 
from the streams is passed through filters which remove the greater — 
part of the suspended impurities, and in the upper parts of the ~ 
streams such’ treatment is sufficient to render the water fit for use. : 
However, the water of this drainage basin is very “hard,” owing 
to salts leached from the ground, and can be much improved for 
domestic use by softening through chemical treatment. . In the lower 
parts of the streams where the accumulation of impurities from 
above is greater, chemical treatment also is necessary especially dur- — 
ing low-water periods, to assure absence of organisms dangerous to 
health. Fargo and Grand Forks are now operating plants for such 
treatment of the water, and it is probable that, as the cities along ~ 
the streams grow and become more numerous, chemical treatment. 
will be commonly resorted to. £ 

The streams in the Red River basin are more used as a means of 
sewage disposal than for water supply. By dilution and by. 
the action of natural purifying agencies, obnoxious and dan- 
gerous effects of this contaminating content are eliminated or 
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greatly reduced. Yet when quantities of sewage are poured into 


streams beyond their ability to dilute and purify, a nuisance and 
menace is created and artificial means of preventing contamination 


‘become necessary. Red River and its tributaries have in the past 
carried enough water to dilute the sewage discharged into them, and 


the sewer outlets have been separated widely enough to allow suffi- 
cient exposure to the purifying effects of air, sunlight, and bacterial 
action. Where stream water has been used for municipal water sup- 
ply, the intakes have been far enough below sewer outlets to allow 
partial purification, making it more economical to purify the water 
withdrawn for use than to treat the sewage before its entry into 
the streams. In a few cases conditions in the streams below sewer 
outlets have become bad during the summer low-water periods, and 
some attempts at sewage treatment have been made. Moreover, 
trouble has been caused at places by water backing up into sewer 
mains during flood stages. ‘There is no doubt that with increasing 
population and the growing use of the streams for water supply, - 


sewage treatment will become necessary in most of the sewerage 


systems. Indeed, inspection of the streams during dry periods indi- 
cates that such necessity will not be long delayed.t 

Owing to the slight fall of the stream bed, the impossibility of 
storage, the irregularity of flow, and the occurrence of long-contin- 
ued low-water stages, the Red River is totally unsuited for econom- 
ical water-power development. Conditions in the tributary streams, 
on the contrary, favor such development. The rapid fall of 300 to 
500 feet by which streams from both sides reach the central valley 
seems to afford opportunity for considerable power development, yet 
owing to light precipitation over the western part. of the watershed 
the streams entering from that side lack sufficient flow to develop 
profitable, continuous power. A few small plants are in operation, 
but extensive development is prevented by long periods of low flow 
and lack of yearly precipitation great enough to provide the storage 
necessary for continuous operation of power plants. It is on the 
eastern tributary watersheds that most of the power developments 
are located, and there the greatest possibilities for future develop- 
ment exist. The annual precipitation is much greater than in the 
western part and more favorably distributed through the year. The. 
streams have consequently a much greater and more uniform flow. 
Many of the valleys have such slopes that by properly locating dams 
sufficient water can be stored to provide flow enough throughout the 
year for the profitable operation of power plants. Power has been 
developed on the Otter Tail, Minnesota Wild Rice, and Red Lake 


_ Rivers, and on certain smaller streams. At present there is in oper- 
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1 Quarterly Journal of the University of North Dakota, Vol. IX, No: 3, April, 1919. 
Elwyn F, Chandler, : uf i 
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ation over 3,000 horsepower and, according to Chandler’s estimate,? 
‘by utilizing the storage possibilities in the headwaters of the streams 
a total of between 100,000 and 200,000 horsepower can be peg 
throughout the year. 

In the way of recreation the streams and lakes provide: swimming, 
fishing, boating, and skating. The wooded banks of the waterways 
are well suited for cece In the cities and towns tracts adjoin- 
ing the streams have been reserved for public use, and fine parks and 
playgrounds are numerous throughout the settled districts. 

To utilize their various possibilities, it is often necessary to regu- 
late by artificial means the regimen of streams. This has been done 
in the streams of the Red River watershed in the interest of water- 
power and drainage, especially in connection with drainage. The 
regulation and control of run-off is of more importance in its rela- 
tion to the development of drainage and flood control in the valley 
than in connection with any other services which the streams per- 
form. Consequently no changes should be made in the regimen of 
the waterways, in the interests of the minor services, that would be 

adverse to the drainage interests. 


WATER TRANSPORTATION. 


Water transportation on the Red River was carried on as far 
south as the junction of the Otter Tail and Bois de Sioux Rivers at 
Breckenridge. The early traders used the stream as a lane of travel 
and for the transportation of articles of trade and supplies. When 
the valley became somewhat settled supphes were hauled by ox team 
from St. Paul to the river and thence by boat to their destinations. 
As the country developed, this traffic increased greatly as the river 
furnished the best means of transport then available up and down 
the valley. With the coming of railroads and improved facilities 
for moving freight to and from points on the river a further impetus 
was given to water transportation; but, with the building of rail- 
roads along the river, stream navigation began to decline, and it has 
gradually fallen off until at present, with railroad lines following 
the river on both sides for its entire length within the United States, 
water transportation has practically ceased. The low-water years of 
1911 and 1912 stopped commercial navigation of the river, and 
since then it has not been revived (see House Doc. No. 1666, 63d 
Cong.). 

At and north of Fargo all permanent highway ‘ind railroad bridges 
have been constructed with movable spans over the deepest portion 
of the channel to accommodate the passage of boats, but since there 
are no boats on the river the bridges are never opened. Plate I and 


“The Red River of the North,” by Elwyn F. Chandler, Quarterly Journal, University 
of North Dakota, April, 1911. 
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Fic. |.—LOOKING UP CHANNEL OF THE RED RIVER OF THE NORTH AT NORTH- 
ERN PACIFIC RAILWAY BRIDGE BETWEEN MOORHEAD, MINN., AND FARGO, 
N. DAK., SHOWING LOW STAGE OF WATER DURING THE FALL OF 1910. 


B. P. R.-D-3972 


FIG. 2.—LOOKING DOWN THE RED RIVER OF THE-NORTH FROM THE NORTHERN 
PACIFIC AVENUE HIGHWAY BRIDGE, FARGO, N. DAK. NOTE OBSTRUCTION 
TO FREE FLOW IN CHANNEL BY GUIDE PIER AND TREES. AUGUST, I9I9. 


B. P. R.-D-2003 


Fig. 3.—LOOKING DOWN THE RED RIVER 
ABOVE MOUTH OF R 


1918. : 


OF THE NORTH FROM POINT JUST 
ED LAKE RIVER, GRAND ForKs, N. DAK., NOVEMBER, 


Bul. 1017, U. S. Dept. of Agriculture. PLATE II. 


B. P. R.-D-2004 


FiG. |.—LOOKING DOWN RED RIVER OF THE NORTH FROM POINT JUST ABOVE 
GREAT NORTHERN RAILWAY BRIDGE AT GRAND FORKS, N. DAK., NOVEMBER, 
1918. NOTE OBSTRUCTION OF FLOW BY TREES ON BOTH SIDES. 


B. P. R.-D-1927 


FiG. 2.—SHIPPING GRAIN ON LAKE TRAVERSE AT DIAMOND, S. DAX., IN 
OcTOBER, 1918. : 
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Plate II, figure 1, show some of the bridges and typical low-water 
conditions which prevail during several months each year. 

The Bois de Sioux River never has been used for water transpor- 
tation. The fact that it is not a navigable stream is officially stated 
in the report of a preliminary examination of Traverse and Big- 
stone Lakes by the Corps of Engineers, United States Army (see 
House Doce. No. 199, 65th Cong.). Lake Traverse is navigable for a 
distance of about 12 miles between grain elevators of Diamond, S. 


~~ Dak., and Browns Valley, Minn., and boats operate between these 


~ 


points (see Pl. II, fig. 2). The only tributary stream on which 
commercial navigation reached important proportions is Red Lake 
River, including Red Lake. Transportation on this waterway -con- 
sisted mainly of log-running and a small amount of freight and 
passenger service. This traffic decreased with the decline of logging 
operations and at present has practically ceased. 


SURVEYS AND OTHER INVESTIGATIONS. 


The surveys and other investigations by the Bureau of Public 
Roads were conducted with the constant aim of obtaining as com- 
prehensive an understanding as possible of all factors that now, or 
that may in the future, affect the drainage and flood situation in the 
Red River Valley. This necessitated a thorough study of past and 
probable future precipitation and run-off, and the other influencing 
factors. Flood conditions were studied with respect to causes, 
magnitude, extent of damage, probable recurrence, and methods of 
control and prevention. The possibilities of reclaiming and improv- 
ing the wet and flood-affected lands were given careful considera- 
tion as were also the general efficiency of existing drainage systems 
and the question of further development of local drainage. Various 
plans for improving drainage in general and for the control and 
prevention of floods were studied with a view to selecting the most 
practicable and advantageous combinations applicable in this water- 


‘shed. Sugg gestions in regard to the form of organization best adapted 


to carrying on the work are made in the follow itis pages. 

The measures recommended are of two Die eine: the char- 
acter or design of which is affected by the run-off from territory 
lying in more than one State, and those designed to remedy evils re- 
sulting from local eon fiiars only. ; 

The work in the field was begun in September, 1918, and was con- 
tinued for practically one year. It was the original intention to 
make a detailed survey only of the Bois de Sioux-Lake Traverse 
region, depending on records of former surveys for data concerning 
the remainder of the valley; but as the work progressed it became 
apparent that in order to obtain sufficient information to permit an 
intelligent study of-the project, field work would be necessary along 


__ the Red River as far north as the international boundary. 


e 
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THE RED RIVER SURVEY. 


A traverse was run along the Bois de Sioux and Red Rivers from. 
the lower end of Lake Traverse to the international boundary, a 
distance of about 435 miles. This traverse was tied in to section and 
township corners at all township lines. South of Wahpeton the 
lines were run by needle, while north of Wahpeton azimuth was used. 
The traverse was tied to the range lines. As accurate maps of Lake 
Traverse and surrounding areas were available, a survey of that part 
of the valley was not necessary. 


LEVELS. 


All elevations are referred to mean sea level, the survey having 
been based upon bench mark elevations as determined by the United 
States Coast and Geodetic Survey in the 1912 adjustment. Ties were 
taken to permanent bench marks set by the Coast and Geodetic 
Survey and the Geological Survey at various points in ae valley, the 
elevations of which are given in Table 2 


TABLE 2.—Permanent bench marks used in Red River survey. 
(U-S. Coast and Geodetic Survey datum, 1912 adjustment.) 


Authority. 


Reference. 


WISSs Gh CAISE & 


U.8.€. & 


Gi Sie 


DORE coke: : 


OS ep At ses ue 


Can. 


Geod. 


vey. 


Sur- 


U.S. G.S. Bulls. 
469 ae 560. 

U.S. G. S. Bull. 
560. 


Geod. Survey of 
Canada, Vol. I, 
No. 3, 1913. 


Location. 


White Rock, §. 
Dak. 


Wahpeton, N. 
Dak 


ak. 
Glyndon, Minn. . 


Fargo, N. Dak.... 


Hadler, Minn..... 


East Grand Oris: 


Minn. 


Grand. Forks, N.. 


Dak. 


Pembina, N. Dak. 


Emerson, Mani- 


toba. 


Description. 


Eleva- 
tion.- 


At front doorway of store of S. E. 
Oscarson, in top surface of sand- 
stone step; bronze tablet. 

Southeast corner of courthouse yard; 
iron post, stamped ‘‘964W.” 

About 1 mile south of Glyndon, 11 
telegraph poles south of milepost 
18, at southwest corner of grade 
crossing, 4 meters south of a tele- 
graph pole and in range with the 
poles; bottom of hole in concrete 
post (C. & G. 8S. b. m. V 4). 

Agricultural College administration 
building, lowest section of red 
sandstone coping, on west balus- 
trade at main entrance; bench 
mark is 6.4 feet below doorsill 


and 2.6 feet above surface of ground. 


Cross cut in center of coping. 

4 telegraph poles south of sign board, 
3 meters south of milepost 53, in 
range with telegraph poles, 12 
meters west of track; eR of copper 
bolt (C. & G.S. b.m. J5). 

Near the southwest corner of the 
southeast footing of the city steel 
water tank, across the street from 

_the Great ‘Northern Station. A 
inch copper bolt set in lead or 
cement and flush with a horizon- 
tal or vertical surface. 

8 inches north of the southwest cor- 
ner of the post-office building, 
in the granite foundation wall, 
1.3 meters above the ground. A 
3-inch red metal disk. 

West bank of Pembina River north 
of road leading to ferry, in yard of 
Sheriff Atkinson; U.S. G. 8S. iron 
- bench mark post. 

In second course of stonework above 
ground in east wall of Emerson 
Post Office, 3 feet from south east 
corner of building. 


975. 992 


963. 495 
923. 889 


902. 65 


900. 401 


833. 689 


834. 913 


790. 45 


787. 361 


OVERFLOW OF RED RIVER OF THE NORTH. 13 


The elevations of the United States Coast and Geodetic Survey 
bench marks are the result of the latest (1912) adjustment of the 
precise leveling done by that survey in 1906. At that time the eleva- 
tions of some of the United States Geological Survey bench marks 
were redetermined by this precise leveling and the others in the 
vicinity were adjusted to agree. Since then, the leveling of the 
Geological Survey in the valley has been based upon the Coast and 
Geodetic Survey elevations, so that at the present time the elevations 
of all bench marks of both surveys, as used in this investigation, 
accord with the latest adjustment of the precise leveling results. 

Most of the leveling was done with wye levels. A small part 
along the Bois de Sioux was done with transits. All levels were re- 
quired to check within the usual limits of error for wye level work. 
Base-level lines were run for the entire length of the Bois de Sioux 
and Red Rivers within the United States, and elevations at frequent 
intervals were taken of the river bed and banks. From the site of 
the proposed detention dam northward as far as Wahpeton all land 
that is affected by floods was covered by the level parties, elevations 
for the most part being taken along section lines. These areas are 
shown on sheets 2, 3, and 4, figure 3. Over the remainder of the val- 
ley the leveling was confined to the immediate vicinity of the river 
channel and to ties to various bench marks and points of former 
_ surveys. 

CROSS SECTIONS. 


Cross sections of the Bois de Sioux and Red Rivers were taken 
along the whole length at intervals of approximately one mile, and 
at all bridges (see fig. 4). The valley was cross-sectioned at the 
sites of the proposed levee at Browns Valley and the detention dam 
near White Rock. Test borings were also made at the latter point. 
A few cross sections of the Otter Tail, North Dakota Wild Rice, 
Sheyenne, and Red Lake Rivers were taken. 


HIGH-WATER DATA. 


Special effort was made to locate all reliable high-water marks, 
both those left by the water or ice on trees, bridges, etc., and those 
which were set by observers as permanent records. The field parties 
were constantly on the lookout for reliable information as to high 
water and from time to time special field trips were made by en- 
gineers for this purpose. The elevations of all authentic high-water 
marks found were taken, and are shown on figure 3, sheets 1 to 20. 


STREAM GAUGING. 


Staff stream cauges were established at Haggart and Valley City, 
N. Dak., on the Sheyenne River; at Wild Rice, N. Dak., on the 
Dakota Wild Rice; and near Fairmount, N. Dak., on the Bois de 
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Sioux. Records at these stations were kept and were filed with those 
available from stations previously established. At Hagegart the 
gauge was adjusted to the same datum as that of the United States 
Geological Survey gauge for which records are available from 1902 
to 1906. The stream flows at these gauges were measured by meaas 
of Price current-meter determinations during the summer of 1919, 
and in addition measurements were made at the Fairmount and 
Wild Rice gauges during the spring high water in 1920. Ratings 
during high-water stages were obtained at Valley City and Haggart 
- on the Sheyenne River during the spring of 1919. 


INSPECTION, 


Much information was gathered from many sources from field 
trips to the various parts of the watershed. Especial attention was 
given the Bois de Sioux and Red Rivers with respect to channel con- 
ditions, bridges, high-water marks and flood effects. The camera 
was freely used in recording conditions bearing on the project. The 
drainage and flood situations in general were discussed with well- 
informed residents. Inquiries were made of engineers, farmers, and 
other interested persons as to the effectiveness of existing drainage 
systems, the defects in design and construction, the need for addi- 
tional drainage and the general sentiment regarding its development. 
Ditch systems were inspected and investigated as to efficiency, state 
of preservation, completeness of development, and provision for 
maintenance. Locations which seemed to offer-opportunity for res- 
ervoir storage were visited and examinations made as to the practi- 
cability of their development. Many maps, old photographs, news- 
papers, historical docouments, and records of various kinds were 
collected and filed for use in the preparation of this report. 


PROGRESS REPORT. 


At the request of parties especially interested in the Lake Traverse- - 
Bois de Sioux region, a progress report was prepared and distributed _ 
in February, 1920, setting forth the results of the study of that part 
of the project and the conclusions drawn as to advisable measures for 
relief in that territory. All essential information contained in the 
progress report is included in this report. 


SOURCES OF INFORMATION. 


In addition to the data obtained first hand in the field, informa- 
tion of great value was obtained from many sources. In preparing | 
the maps free use was made of such existing maps as would add to 
the completeness and accuracy of the work. Information concern- 
ing past high-water stages and floods was secured from such sources 
as histories of the early settlement of the country; various reports 
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and papers by early settlers, traders, and explorers; and photographs 
and old newspaper accounts of floods. The investigation of drainage 
development was aided by maps and records of the States, counties, 
and districts prosecuting such projects. Records and maps compiled 
_ by. the various agencies of the Federal Government furnished valu- 
able data concerning precipitation, run-off, temperature, geography, 
and geology. 
MAPS AND PROFILES: 

The detail map (fig. 3, sheets 1 to 20) was made up as far as possi- 
ble from data taken in the field, but as the field work was for the 
most part done along the main watercourse it was necessary to de- 
pend on other maps for information concerning backlying areas. 
The portions of the map (fig. 3) based on the surveys represent true 
conditions perhaps more accurately than do the other portions. Tea- 
tures of the map not determined by survey were taken from the best 
maps available, the data being carefully coordinated and adjusted. 

The surface elevations shown are considered equal in accuracy to 

the general leveling along the river, with the exception of those a 
mile or more back from the river on the east side from Breckenridge, 
Minn., to the north line of Marshall County. While these latter ele- 
vations are as nearly correct as could be determined from the avail- 
‘able data and are considered satisfactory for the purpose of this in- 
vestigation, there is some doubt as to the degree of accuracy, and they 
should not be used in preparing plans for local drainage projects 
without being carefully checked. The’ General Land Office and 
Geological Survey plats were freely used in connection with notes of 
the survey work. War Department maps of Lake Traverse fur- 
nished considerable data in that vicinity. For territory not covered 
by Federal Government agencies, State, county, railroad, and various 
other maps were used. The locations of artificial drainage systems 
were supplied from local drainage plats, county and State maps, 
and drainage district records. Surface elevations, in addition to 
those taken directly in the field, were obtained from the Geological 
Survey maps and from ties to other surveys of which plats showing 
surface elevations were available. 
_ A profile of the watercourse showing stream-bed and bank eleva- 
_ tions, bridges, high-water marks, etc., was drawn, and selected cross _ 
sections of the river were plotted. The profile and cross sections 
(figs. 2 and 4) were prepared from data obtained in the field. 


PRECIPITATION AND RUN-OFF RECORDS. 


_An extended study was made of precipitation records with the 
view of determining past and probable future intensity and distri- 
bution of precipitation as factors influencing run-off. The results 
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Usperanrucwr oF AFRICULTURE 
BUREAU OF PUBLIC ROADS 
THOS. VACOONALD, Chief or Bureau 


RED RIVER OF THE NORTH 
MINNESOTA, NORTH DAKOTA, SOUTH DAKOTA 


Prepared fo accompany a Repor! on the Drainage of the Valley 
by P.T.SIMONS, Senior Drainage Engineer 
Assisted by FV.King and Guy L.Smith, Drainage Engineers 
under the direction of 
5 H.MEGrory. Chief of Drainage Investigations 
1920 
SCALE OF MILES 


SCALE OF FEET 
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Proposed Levee. Surface Elevations, also Ice and Water 
High Water Line. Bottom Elevations. 

Line 5ft. above High Water High Water Elevations 
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: ia aa as curves showing various relations. Run- 
ere studied and the problem of ue oa Solas een Be 


| ee: aiable conclusions as to maximum rates of flow 
hich may occur in the different parts of the Red River, the coinci- 


of heavy flow in the various tributaries, and the probable time 
uls between damaging flood stages. 


DRAINAGE. 


Sora : firainage situation over the watershed was studied in consid-_ 
rable detail. The fiat land along both sides of the main watercourse 
eae nsidered separately from the higher, backlying areas, as its 
in age is more intimately related to the sonditions of flow in the 
inchannel. Areas affected by present drainage of these flats were 
determined and estimates made as to probable future drainage and 
its effects. | 
~ Considerable areas of land along the Bois de Sioux River lie only 
slightly higher than the normal water surface in that stream. Under 

-water conditions these lands are submerged and form a part of 
bed of Lake Traverse. At all times these areas are marshy and 
nfit for agricultural purposes. Estimates were made as to the 
jount of such land reclaimable and the extent of improvement pos- 
ble. Details for the complete drainage of the areas were not worked 
sit plans for the main channel improvement of the Bois de 
Sious include the layout of main outlet ditches necessary for the 
isposal of overflow water and of the flow from future local drains. 

"The general conditions of drainage systems in all parts of the 
watershed were investigated. The question of tile drainage, its prob- 
ble e development and general effect on the outlet channels, was also 
ms: isidered. ee 


FLOODS. 


, In Saving the flood situation the main object was to determine as 
accurately as possible the extent of damaging flow with correspond- 
ng Tiver stages, the probable frequency and magnitude of. future 
oods, and the maximum flow that may be expected. The studies of 
p ecipitation, run-off, and effects of drainage were made mainly for 
purpose. Information concerning floods from whatever source 
ras considered and given such weight as its importance and relia- 
iit} y seemed to warrant. 


MEASURES FOR a Sie 


ief. The question of draining the wet (ands alent the Bois 
‘iver was taken up along with that of the detention reser- 


ae ate 
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voir for the control of run-off from the Lake Traverse watershed 
_ as together they form a single interstate project for combined drain- 
age and flood prevention for that territory. The improvement of th 
Red River channel is an interstate proposition and the increase of it 
capacity is a measure for the prevention of floods. When prope 
provision has been made for the removal of the water that may com 
to the channel from the several States, the drainage of the land along 
its course becomes a matter of locally controlled projects, and is so” 
considered in this report. | 
The Bois de Sioux-Red River channel was studied in detail with | 
respect to size, course, slope, and condition as to obstruction. Various— 
methods of increasing the capacity were considered and conclusions | 
reached as to their effectiveness and practicability. Widening andl 
deepening of the channel: cut-offs; removal of brush, trees, and | 
débris; relocation of bridges: and changes in points of entry of trib- | 
utary streams by means of stream diversion and artificial embank- 
ment—these were ali considered in some location or other, wherever | 
applicable. 4 
As the study of flood flow and channel capacities made it appar- 
ent that complete relief from flood conditions can not be economically | 
secured through channel improvement alone, the possibility of reduc- 
ing high-water stages by means of temporary storage in the upper | 
reaches of the streams was investigated. The only locations which 
-seem to offer practicable opportunities in this respect are the Red | 
Lake and Lake Traverse regions. The former has been investigated | 
by engineers of the War Department, which has reported favorably 
upon the proposed improvement.* An abstract of that report appears 
in another part of this report. The effect of that project upon Red 
River conditions has been considered in the present investigation. 
A thorough field study was made of the Lake Traverse region | 
to determine the most advantageous location for a reservoir 
and its efficiency under extreme conditions of run-off. Storage 
capacities for various stages were computed and tentative plans were 
‘prepared for the necessary controlling works. The results of such 
storage in the case of the territory immediately benefited, and its | 
effect upon the conditions of flow in the Red River, were considered. | 
The plans for recommended improvements were worked up with 
the view of securing the maximum benefits at the least cost and an 
equitable distribution of these two factors among all concerned. 


RUN-OFF. 


Run-off is that portion of the precipitation which, falling upon a 
watershed, flows over or through the earth to a watercourse and. 


4 
4 
: 


“Document No. 61, House of Representatives, 66th Cong., 1st sess. 
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thence out of the watershed. Precipitation is the source of run-off, 
but many different factors affect the amount and rate of run-off 
from a given watershed. A portion of the water is absorbed by the 
soil; some of this passes through the soil into drainage channels. A 
| part is evaporated from the soil or is transpired by plants and trees 
or is evaporated from the surface of the soil. A small amount sinks 
deep into the ground, and the remainder passes over the surface of 
the ground to a watercourse and through it out of the watershed. 
The rate and amount of run-off from a watershed are affected 
principally by the amount and distribution of the precipitation and 
its form—whether rain or snow. 

After precipitation the principal factors which affect the rate of 
run-off from a watershed are topography, size and shape of the - 
watershed, prevailing temperature, character of vegetation on the 
watershed, and artificial drainage. In addition to these and some- 

what dependent upon them are evaporation, transpiration of plants, 
absorption by the soil, and storage, all of which tend to regulate the 

amount of water reaching drainage channels. The effect of these 
several factors upon the amount and rate of run-off is not constant 

but is continually changing. It is exceedingly difficult, if not im- 
‘possible, to measure the effect of the various factors upon the run-off, 

and in the absence of measurements from a given watershed the 

determination of the probable rate of run-off becomes a complex 
‘problem. 

The best bases for calculating future run-off are measurements of 
stream flow extending over a long period of time for the particular 
watershed under consideration. If such records are available, the 

amount and rate of run-off can be estimated closely unless the 
‘physical features which affect run-off from the watershed are ma- 
terially changed. If complete data for a long period are not avail- 
able, then records for a shorter time on the watershed under con- 
sideration, or on more or less similar watersheds, are most essential. 

For the watershed of the Red River, and especially for those of its 

tributaries, the run-off records are meager because settlement and 
ee in the valley are only comparatively recent. 

Daily records of the river stage at Grand Forks, from which the- 
“run-off at that point can be computed, are salable as far back as 

1882. From 1882 to 1901 the gauge readings were recorded by the 
“Corps of Engineers,- United States Army, and from 1902 to the 
“present time by the United States Geological Survey. Similar 
‘records aré available for the Red River at Fargo from 1902 to the 
‘present time, as are also records for 12 stations on tributary streams 
for periods of from 1'to 17 years, since'1901. The daily flow of the 
river at Emerson, Manitoba, just north of the international boundary, 
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has been recorded since May, 1912, by the Manitoba Hydromea 
Survey. A list of these oo records of stream discharge is giver 
in Table 3. 


TABLE 3—IWazimum stream discharges on Red River watershed. = 


Water- Maximum discharge. 


_ shed 
Stream. Station. ~ area, | Period. | Authority. 
: see Rate. Date. 
; Sec.-ft. 
Mustinka River....} Wheaton.........- 756 | 1917-1919 | 2,240 | Apr. 1,1917 | U.S.Geological - 
vey and U.S 
partment of oe > i} 
: culture. 
Bois de Sioux River} Fairmount-.......| 1,480 | 1919-1920 255 | Mar. 24,1920 | U. S. Departme nt 
ee Sy a of Agriculture. — 
Otter Tail River..-| Fergus Falls......| 1,300 | 1900-1917 | 1,080 | June 13,1904 | U.S. Engineers and | 
a : U. S. Geological) 
Survey. : 
North Dakota Wild | Mouth, Wild Rice.) 2,210 | 1919-1920 | 1,779 | Mar. 24,1920 | U. S. Department 
Rice River. : of Agriculture. 
Red Rivero F232 Fargo-Moorhead...| 6,435 | 1902-1919 | 7,720 | July 11,1916 Do. | 
Sheyenne River....| Valley City..-....] 4,185 1919 2,750 | Apr. 18,1919 Do. 
Ofer re S525. = Hagpart ss. Peee ae 5,600 | 1902-1907, | 2,220 | Apr. 28,1919 | U-S. Geological Su aa 
: : 1919 vey and U.S 
a ees of hee 
: culture 
a Wild | Twin Valley...... 835 | 1909-1917 | 9,120 | July_ 22,1909 | U.S. Geological Sur 
ice River. - vey. 
Thief River.-...... Thief River Falls..| 1,080 | 1909-1917 | 4,100 | Apr. 23,1916 Do. 4 
Red LakeRiver and|_.__- dors area 3 G00 P22 Soa 7,600 | July 3,1919 
_ Thief River. 
Clearwater River...| Red Lake Falls..-| 1,330 | 1909-1919 | 6,700 |....- dol fo. Do. 
Red Lake River. ..| Crookston..._..... 5,320 | 1901-1919 | 14,400 | Apr. 17,1916 Do. : 
ited fiy eres Grand Forks..__.. 25,755 | 1882-1919 | 43,000 | Apr. 10,1897 | U.S. Engineers and jj 
U. S. Geologi 
Survey. 
Two Rivers........ Haligek <5) ss 635 | 1911-1914-] 1,200 | Apr. 13,1913 | U.S. GeologicalS 
vey. 
Pembina River... -.-| Neche..-........-. 3,320 | 1903-1915,| 3,870 | May 2,1904 Do. S| 
re 1919 : 
Red River.........| Emerson,Manitoba) 35,895 | 1912-1919 | 46,180 | Apr. 24,1916 | Manitoba Hydro) 
metric Survey. | 
] ' q 
4 


3 | 
As indicated in the table, the Geological Survey has made most off 
the stream-flow measurements. This work was done in connection 
with the determination of the water supply of the United States. 5 

A limited number of measurements of stream flow were made by | 
the Department of Agriculture in connection with the survey of Red 
“River during 1919 and 1920. Of these the principal measurements” 
were: The Sheyenne River at V alley City and at Haggart, N. Dak. | 
during March and April, 1919; the Wild Rice River at Wild Rice,” 
N. Dak:,; March, 1920; and the Bois de Sioux River at Fairmount, 
N. Dak., "Marci 1920. These records are valuable because quite ee | 
stages occurred during the periods mentioned and because no pre- 
vious gagings had been made at three of the stations. 

The records of stream flow at Grand Forks are shown in Table 4. 
The quantities of run-off were computed from daily gage reading 
except for January, February, March, and December, 1882, to 1900, 
for which periods no gage records are available. For those mont 


4U. S, Geol. Survey, Water Supply Papers 405, 435, 455, ete. 
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estimates were made from records for corresponding months from 
1901 to 1919. The estimates of annual run-off are only slightly 
affected by the December-March figures, so the annual quantities for 
the entire period of 38 years are considered to be reasonably accurate. 


“TABLE 4.—Run-off (in billions of cubic feet) from the Red Riwer watershed 
above Grand Forks, N. Dak. 


{ 
Year. | Jan. | Feb. | Mar.| Apr. | May. | June.) July.| Aug. |Sept.| Oct. | Nov.| Dec. eeoly 
> | ae 2.46 | 1.96 | 4.28 |62.48 |47.43 |20.89 |17.03 |10.91 | 6.95 | 6.94 | 5.24 | 3.06 | 189.63 
ee es 2.46 | 1.96 | 4.28 |34.00 |46.12 |15.13 | 8.75 | 5.78 | 4.16 | 4.09 | 4.25 | 3.06 | 134.04 
eee 2.46 | 1.96 | 4.28 |27.28 |14.42 |11.66 | 7.36 | 4.63 | 7.36 |10.40 | 8.44 | 3.06 | 103.31 
hd eee eae 2.46 | 1.96 | 4.28 117.46 |13. 81 [18.89 |17.52 |14.92 | 7.87 | 5.98 | 5.29 | 3.06 | 108.50 
OR Sk eee 2.46 | 1.96 | 4.28 |18. 48 |17.64 | 8.08 | 5.01 | 2.39 | 1.61 | 1.90 | 2.60 | 3.06 | 69.47 
Dh oe 2.45 | 1.96 | 4.28 | 9,81 | 5.74 | 4.02 | 3.69 | 3.73 | 2.81 | 2.12 | 1.82 | 3.06 | 45.50 
ere te Se 2.46 | 1.96 | 4.28 126.35 |13.63 |23.38 |14.20 | 6.82 | 3.12 | 2.88 | 2.98 | 3.06 | 105.12 
Oe ogee 2.46 | 1.96 | 4.28 | 6.63 | 4.04 | 2.27 | 1.90 | 1.53 | 1.39 | 1.69 | 1.53 | 3.06 | 32.74 
Dae 2.46 | 1.96 | 4.28 | 6.17 | 3.26 | 4.05 | 3.57 | 1.67 | 2.13 | 2.61 | 2.61 | 3.06 | 37.83 
ol eS ae 2.46 | 1.96 | 4.28 111.25 | 4.98 | 3.90 | 4.37 | 3.85 | 2.46 | 4.07 | 4.07 | 3.06] 50.71 
eee 2.46 | 1.96 | 4.28 |47.78 |24.60 |20.13 |10.65 | 4.45 | 3.70 | 3.30 | 2.37 | 3.06 | 128.74 
Der a 2:46 | 1.96 | 4.28 |43.53 [42.72 | 9.84 | 6.64 | 3.62 | 2.55 | 2.73 | 2.30 | 3.06 | 125.69 
I 2.46 | 1.96 | 4.28 |28.70 |17.18 | 9.10 | 4.90 | 2.43 | 1.57 | 2.34 | 2.00 | 3.06 | 79.98 
52 2.46 | 1.96 | 4.28 | 4.80 | 2.99 | 4.55 | 4.63 | 2.45 | 1.67 | 1.73 | 2.00 | 3.06 | 36.58 
OS Sa 9.46 | 1.96 | 4.28 |20.59 35.18 |32. 48 | 8.39 | 4.57 | 3.48 | 3.35 | 3.10 | 3.06 | 122.90 
eee 9.46 | 1.96 | 4.28 181. 92 |24.75 | 9.82 |26.13 |19. 20 | 7.77 | 5.85 | 3.68 | 3.06 | 190. 88 
OO oe eas 9.46 | 1.96 | 4.28 | 8.48 | 6.19 | 8.5% |10.62 | 4.87 | 3.77 | 4.382 | 4.14 | 3.06 | 62.72 
SD 3a 2.46 | 1.96 | 4.28 |14.07 |11.06 |14.19 |11.88 | 6.49 | 4.67 | 4.41 | 3.93 | 3.06 | 82.46 
ie ae 2.46 | 1.96 | 4.28 | 7.32 | 3.44 | 1.92 | 2.13 | 2.86 | 7.54 |16.68 |13.64 | 3.06 | 67.19 
a RS ee 2.92 | 2.41 | 5.12 |28.76 |17.99 |12. 44 |10.67 | 6.37 | 4.70 | 5.02 | 4.49 | 3.65 | 104.54 
| ae anaes 2.46 | 1.96 | 4.28 |16.50 [21.62 |16.97 | 8.89 | 5.32 | 7.73 | 8.37 | 6.85 | 3.06 | 104.01 
a ee 4.28 | 3.43 | 5.64 |27.58 |14.49 | 8.66 | 3.86 | 2.82 | 4.91 | 7.99 | 5.71 | 5.26 | 94.63 
aera 3.70 | 3.10 | 4.00 [50.50 136.79 |15.62 |10.48 | 4.72 | 4.18 | 4.98 | 4.12 | 3.24 | 145.43 
Sees Sa ees 2.70 | 2.30 | 4.60 | 7.50 [21.80 !12. 51 /11. 29 |17.59 |11.70 | 8.96 | 6.61 | 5.30 | 112.86 
ee 4.70 | 3.84 | 5.05 [51.50 |22.10 [15.72 |12. 22 | 8.55 | 6.42 | 5.89 | 5.58 | 4.36 | 145.93 
Le ee 3.76 | 2.64 | 8.24 138.39 |12.20 15.58 | 8.80 | 5.36 | 5.06 | 5.27 | 3.74 | 3.22 | 112.26 
MS =o ets 9.38 | 2.00 | 5.27° 125.55 |15.52 |18.50 | 8.80 | 5.27 | 4.58 | 3.86 | 3.24 | 2.21 | 97.18 
Merg09 ES ee 1.87 | 1.36 | 2.48 |11.25 | 8 28 | 8.06 |10.12 |15.00 | 8.32 | 5.97 | 4.93 | 6.49 | 84.13 
aS ce eed 4.08 | 3.15 |29.60 |20. 40 11.65 | 5.06 | 2.31 | 1.31 | 1.11 | 1.11 | 1.03 83 | 74.64 
ere | .56] .45 | 2.40 | 4.88 | 4.01 | 4.57 | 1.55 | 1.05 | 1.01 | 1.24 | .96 91 | 23.59 
tte. 2250000 Sia eee tO0, 6.42449) 2092 |e 87 || 1.50 | 1-96) 3.48-| 2.11 | 1.13 | 233 
etic. 5. ec .85 | .56| .76 /18.28 | 4.88 | 3.08 | 2.76 | 2.04 | 2.76 | 2.81 | 2.95 | 2.12 | 43.85 
> area 1,36 | 1.04 | 2.44 | 7.75 | 6.86 |12.48 | 7.61 | 2.92 | 3.06 | 3.39 | 3.50 | 3.12 55. 53 
Le ee 2.09 | 1.79 | 3.12 |10.77 | 8.64 [14.90 [29.58 | 6.45 | 4.02 | 4.32 | 3.84 | 3.32 | 92.84 
SS ee 2.26 | 1.68 | 2.86 |57.60 [29.46 |17.58 |30. 40 [13.20 110.28 | 8.20 | 7.20 | 4.75 | 185.47 
Saas eee 3.27 | 2.25 | 4,71 |30.19 [12.81 | 5.66 | 3.16 | 1.60 | 1.45 | 1.58 | 2.06 | 1.16 | 69.90 
a Se aa ees | .71 | .48 | 4.00 | 4.69 | 4.96 | 5,08 | 2.26 | 1.94] 1.47 | 1.09 | 1.69 | 1.80 | 30.17 
1.20 | .60| 2.99 [14.36 | 8.98 | 4.79 118.55 | 8.98 | 3.59 | 3.14 | 3.69 | 4.10 | 74.97 
. Meananniwaleias ees|os- =o: 2). 2 | ees rath | Seed Daal bat ie | roa ak |g eee ol re Seared yt 90. 87 


NoTE.—Mean rate of flow 1882 to 1919=2,881 sec.-ft. Maximums shown initalics. 


Run-off data for all of the watersheds listed in Table 3 were com- 
piled i in the same form as shown in Table 4 for Grand Forks, but the 
i tables are not here given'as all the records are now aeeaiieg or soon 
_ will be, either in Water Supply Papers of the United States Geologi- 
cal Survey or in reports of the Dominion Water Power Branch, De- 
_ partment of the Interior, Canada. 
: The Grand Forks records cover the longest period of any in the 
Red River watershed and form, therefore, a basis for estimating 
probable future run-off quantities and rates of flow with a degree of 


5 
s 


22 BULLETIN 1017, U. S. DEPARTMENT OF AGRICULTURE. 


periods only. = 
When all available records had been compiled it was found that 


having somewhat similar characteristics. 


TABLE 5.—Recorded and estimated future marimum discharges from streams 4 
on Red River watershed. by 


‘During summer floods. | During spring floods. 


Peri | ysti i 
Saas ae ae maximum— ores maximum— 
: ora ed | cured 
S- : is- - tat 
a Dis- | Run- Dis- | Run- | 
| E220 charge. off charge: charge.| -off. ~ 
| Sec.ft Sect. 
per er 
Sq. mi.| Years.| Sec.ft. | Sec.ft. | sq. mi. | Sec.ft. | Sec.ft. | sq. mi. 
Small streams. -.} Browns Valley to at Fal Maan) Detar te | 1,455 Ae eee 1, 455 5 
_ Mustinka River. 
Mustinka River.| Wheaton-......-.-- 756 7 eee 3, 024 : 2,240 | 3,024 4 

Noss =: Mouth > 222.8 ase SPAN eneteee el eos ..j 3,408 Saeed (ie ar 3, 408 4 

Small streams-.-| Mustinka River GDS | Se Se Se Sees 960 eg ER oe 960 5 
~ to White Rock. 
Lake Traverse | White Rock....... WSR GNM Rt Ake eelen 12 670-|. 20 2 tees 2, 670 20 
outlet. - : 
Smali streams.-.-| Fairmount...-.... tA oe eS ee 725 5ayo|Ssacces= 725 5 
Bois. de” Sioux |:-..-- G02 25-25 Se 1, 480 1 eoetse | 2,960 2 255 | 2,960 2 
River. : 
Small streams..-| Fairmount to BSS a eel ai hte 1,975 Raw hen toese 1,975 5 
Breckenridge. | 
Bois de Sioux | Wahpeton....-...- TS7be| Si: tees eee | 3,750 2 Uileaese 3, 750 2 
River. : 
Otter Tail River-| Fergus Falls-.-.--.-- 1, 300 18 | 1,080) 1,560 1.2 789 | 1,820 1.4 
Otter Tail River | Below FergusFalls BAD a) ae ae ye ee ne re | 2,160 ee Benes 2, 160 4 @ 
tributaries. | , | | 
Otter Tail River.) Breckenridge...-.- S40 Ee eA See | 3, 312 18 [esserke 3, 680 2 
Small streams.-.| Breckenridge to ZUG eee [Sache oe | 1,780 . eee 1, 780. 4 
North Dakota : 
W ildRiceRiver. 
Red River....... Above mouth of | 4,160 |....,.-- [Pe Wacae Meare ee ee 8, 320 2 
North Dakota } 
Wild Rice River. . 
North Dakota |} Lake Tewaukon. . G25; bess -2ets eA i | 1,875 2 ey esas te 2, 500 4 
Wild Rice = 
River. ‘ ; 

Dose “Mouth, Wild Rice} 2,210}.  1-J...-..-- 3, 315 1.5| 1,779 | 4,420 2% 
Local drains-...- Fargo-Moorhead. - | G5 Nees. Seca eee 520 Bole ae ae 455 a 
Red Riveri-g .2-s| ese dose see 6, 435 18 | 7,720} 9,652 1.5] 7,440 |. 11,580 18 
Local drains. ..-. Moorhead toShey-| 95 |.-.--..-|..-..--- 665 Mee Serer 570 i) 

enne River. : : 
Sheyenne River -} Valley City..--...-| 4,185 |- diy One eer 2, 511 0.6 | 2,750 | 4,185 1 

DORE. ere 13 tie yy ra eae | 5,600 7 841 | 2,800 0.5 | 2,220} 5,600 1 

[3 ae) “heaou bie <9. ees TOAOO 2. 2/3 oe Wee Spite 3, 700 O75 eae 7, 400 i 
Red River..-.-..-- Below Sheyenne | 13,930 |.....-.-|-------- 13, 930 dis ae 16, 716 1,2 

River mouth. | | | 5 
Buffalo River..--| Georgetown-...-4.) 1,175 |.-.----- | »5 Sea 5, 875 5 abe ee 5, 875 5 
Minnesota Wild Twin Valley.-.... 835 9| 9,120; 5,845 7 1,560 | 5,010 | 6 
Rice River. | | ; 
Doo. eee Moutheee a= at REA AR Se See faeces 7 5, 940 cSt We OS 2 5, 940 4 
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“Tarte 5.—Recorded and estimated future maximum discharges from streams 
on Red River watershed—Continued. 


During summer floods. | During spring floods. 


Period . | Estimated : Estimated 
Bedi Station eee of meas-| Maxi- future Muxi- future 
; ; 3 ae a aenay: | maximum— a maximum— 
: ment 5 = 
coded corded 
is- : dis- : 
s DISS) | RUS eek Dis- | Run- 
charge. | charge.| off. |°D@'8°-|charge.| off. 
Sec.-ft. Sec.-ft. 
per per 
j Sq. mi.| Years.| Sec.-ft.| Sec.-ft. | sq. mi. | Scc.-ft.| Sec.-ft.| sq. mi 
Goose River....: VIO TUG Hiisterere als miplasaie= TES PZTA) Mie ee iat aes ea 3, 810 Si alee 3, 810 3 
Sandhill River.../...-. One ase. 25: S| Sh aR ee ae 1, 700 Ai Ga a ee 2, 550 6 
Srmallstreams. --| Sheyenne~ Kiver | 1,685 |........|.----2.- 6, 740 Al uitilla ceramics 6, 740 4 
‘ to Grand Forks. i 
Baked Lake...:... Oublepeet = Se. MORO tates cle |e ee 1, 950 ie beat on 2, 925 1.5 
_ Thief River......}| Thief River Falls.) 1,080 9 | 4,100] 5,400 5 4,080 | 4,320 4 
Red Ae eke vee (OOS meatier 3, 600 10 | 7,600 | 10,800 3 7,040 | 9,000 2.5 
= an ie 
River. 
_ Clearwater River} Red Lake Falls...) 1,330 9 | 6,700} 6,650 5 3,990 | 6,650 5 
_ Red Lake River-.| Crookston. ...-..-- 5, 320 19 | 14,400 | 15, 960 3 14, 400 | 15, 960 3 
| OCS yes ee tes BAST HAG MON ISS =| a jeu S oi |e sr: -i|'s = sce te 17, 355 ee Naren 17, 355 3 
Red River....... al Forks, N. | 25,755 38 | 22,360 | 36, 057 1.4 ; 43,000 | 51, 510 2 
Dak. 
Buirile River..-<:| Mouth. --.0..-5... TOD Hera eecae Gousemoe 2,115 Shaul esos 25 3 
2 TIPASSE TRUERUCET ES Sais ie C6 (OYE esa 5 mame cl etl 0250 ile eee tae ANNOY os PAD Ne eegae 3, 090 3 
Snake River.....|....- Che separate oes TAO tee ee se 2, 280 Beal eee ae 2, 660 3.5 
mean River-.2---}..-.- GO cae. eee a | SR byl eee el pe cect 2,212 Pay ee site ae 2, 655 3 
melamarac River. -|_...- GOn assess - BOO mibee Scars ere he 1, 460 2 Tsou ay oe ite 1, 460 4 
Small streams. . | cand Forks to TOD a Ree ees Nese ee 3, 060 ARRON Ss erate 3, 060 4 
rayton. 
Two Rivers...-.- atl oeks see aes, 635 4 634 | 2,540 4 1,200 | 2,540 4 
WOSeo ecco WIG DN ss coscieeesod | Sa el ees esr Se ise SC 2, 925 ayae aslleseeeeacesell 3, 900 4 
_ Small streams-.-.} Drayton to Emer- TOU tee eos 2 Me ors, 2,370 SiS sae Sea | 3, 160 4 
son, Manitoba. 
wempina River--| Neche-..-.2.-..-- 3, 320 12 | 2,500 | 3,984 1.2 | .3,870 | 4,980 1.5 
BI ot eas Bembinas 22.5: 3. Sh oa Ree aS ool earls 4, 638 MEDI eer | 5, 797 1.5 
Red River-2.5..- i a e a ational | 35, 895 8 | 20,121 | 39, 485 1.1 °| 46,180 | 61, 022 ikea 
oundary. 
PRECIPITATION. 


As it was found that precipitation records covered longer periods 
of time and were available for many more localities than were 


_ stream-flow records, a study of precipitation was undertaken for the 


_as the basis for the precipitation studies. 


purpose of supplementing the data on run-off. 

The official records of the United States Weather Bureau were used 
The investigation devel- 
oped that total annual, total and maximum monthly, and maximum 
and excessive daily and storm precipitation, are of much greater 
significance in the project than are mean or average quantities and — 
rates. It developed aiso that accumulations of precipitation in the 
forms of snow and ice are important factors in estimating stream 


_ discharge for March and April. 


Records of monthly and annual precipitation at Breckenridge, 


_Minn., and Pembina, N. Dak., are available for 48 years (1872 to 


1919) and at Moorhead, Minn., for 39 years (1881 to 1919). Other 
weather-observation stations have been-established from time to time 


4 


« 
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until in 1921 about 50 were maintained within the Red River water- 
~ shed (see fig. 1). Daily precipitation records are available for 

twenty or more stations for the period 1892 to 1919. Sa 


DISTRIBUTION OF PRECIPITATION. 


In making the study of precipitation data the contributing area’ 
south of the international boundary was divided into seven areas as 
indicated in figure 5. This facilitated the determination of the pre- 
cipitation on watersheds of various tributary streams and on areas 
above certain stream-gaging stations; it also made evident the rela- 
tions between size of watershed and intensity of precipitation. 
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Fic. 5.—Outline watershed map of Red River of the North, showing subdivisions for 
precipitation studies. E 


The precipitation records were considered in four classes—annual, — 
monthly, and storm periods, and the period during which snow is 
stored. The annual, monthly, and storm precipitations were com-_ 
puted from the records for each area and weighted averages were 
computed for certain larger areas which comprise two or more of the 
subareas. The records prior to 1892 are too meager to afford satis. 
factory basis for estimating the distribution of precipitation over ~ 
these areas. | — 
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MONTHLY AND ANNUAL PRECIPITATION. - 


In Table 6 the averages of the records for the watershed above 
Grand Forks are shown. The “ weighted averages” for 1892 to 1919 
were computed by calculating separately the volume of monthly pre- 
cipitation in each of the five subdivisions of that watershed to find 
the total volume for the area, and then reducing that quantity to an 
equivalent depth in inches over the watershed for each month and 
year. 


TABLE 6.—Average precipitation on Red River watershed above Grand Forks, 
| N. Dak. (compiled from record of U. S. Weather Bureau). 


s 


No. 
Rear: ote Jan. | Feb. |} Mar. | Apr. | May.| June.| July.) Aug. | Sept.] Oct. | Nov.| Dee. ee 
jcseeeas Boas? | ree 
In In In. | In Tis =| 105 \ = Teed Tide A EBS Gp | Ips Nib In. 
eae 3°| 0:81 | 0.65 | 1.84 | 1.68 | 3.49 | 5.40 | 4.92 | 1.311 1.03 | 4.05] 1.42] 0.76 | 27.36 
Loe eat 3 55 40 { .18)| 1.17-| 2.74 | 1.48 | 2.98 | 3.41 | 1.91] 3.06] .17 -69 | 18.74 
oe eee ee 3 35 79 4a MELONS | S505) | 1593214575 \00287 |. 2045) | 2.83 - 43 70 -| 25520 
See it 35 15 NO lle2to at. 49>) 4-45 | 45015) P49 12 741. - 56 OS ile 43 18.73 
BSSOs. o 222.50! c OSH mee Selenssl Se Dh 1285") S500) F290) 147 | 167 al. 407. .45 18. 80 
MRS pe es 2 8 64 S053) 46 | 1.70 | 2.18 | 4.42 | 4.48 | 2.58 | 1.34 | 1.45 BC lia AG folion PALL 7/7 
LS 8 72 29 91 | 1.21 | 1.69 | 3.92} 4.21 | 1.42 OTe le 26 . 28 el: 17.09 
LS eS ea 8 81 |* .78 SB almleeD Ante Ral las |) Di Gda\eosl4e| 30-53 .07 - 43 . 89 152533 
SOO... = -< 8 | SOL O07. . 69 77 | 1.43 | 5.46 | 2.54 | 2.38 | 2.36 | 2.46 . 28 225) | 20526 
SUR eee 7| .43 | 1.21 | 1.21 | 2.99 | 2.00 | 4.61 | 3.99 | 2.64 | 3.01 | 1.59 -85 | 1.09 |) 25:62 
ES Re 14 Poo -71 | 1.17 | 3.15 | 4.07 | 3.19 | 3.20 | 2.84 .70 .28 | 1.06 .25 | 20.97 
BA FS 8 este a eas 18 | 1.06 Soe MesOe|e2eui- 182) | Sx00He3: O8-102.:7¢ | 1. O3s\et. 19 51) 0)ia a LC) 20. 45 
LS a a ee 19 . 46 SAG lle ae ed. 62 |) 2. 62 | 3. 64 .75 | 1.49 | 1.31 | 2.44 FOU soll 19.32 
LiL See ener eee 17 .49 38 e075 144 2516) 6534-13532; | 2) 1471-1..32 .24 | 1.41 SPA 19255 
“ESOS eae as 20 . 86 Oteolesoll fae |p bed 7 | Sedo ll. 69) | 2213 | Q585|-1. 732.38 -40 | 27.20 
Oy ee oe 20) ele22h ete46e |" 1323 .94 89 | 5.99 | 6.93 | 1.23 .68 | 1.19 . 28 .30 | 22.34 
ESUR 22 ss te 21 .09 55 Ban |elo/a| 2) 60h 5: 6d=l.d- 801/52, 2%. |) 1. 660) 2.18, .46 .29} 19.80 
PROOE. So to mee 22 .51 21 SHON e527 depo Or 4d se 2845) 3°80) 120387) 1a6k: .42 -36 20. 63 
BNE sce: 22 -28 42) 1.06 | 1.24 soon ele 2 SOR ALON aoe e218 755 =33 23.78 
A ee es oat 22 BY 51 | 1.25 | 1.85 E96) 56275, |sowoSn| heads (2239) (63.20 APY SUT 26. 02 
AH) eh es 22 . 20 G2N IE QIA te 50. |a97e|) 3-005) 2572) 173238 79 | 2.65 .44 . 62 22. 46 
W903. 5-205 5-6 23 7A 45 Host sOOleoalAtlaoloteo 24s) 4: 35: oso est . 30 -79 PALS THT) 
BOM eS 23 . 38 91 | 1.66 | 2.31 | 2.15 | 4.60 | 2.64 | 1.53 | 3.06 | 2.00 zalell ays 22.10 
905 4. occ sae 24 .38 -20 89 | 1.41 | 5.04 | 4.96 | 5.08 | 3.86 | 1.97 | 1.09 | 1.82 51 [76 26. 92 
NOOB co aS oe 23 .99 Silff Ot 2.03) | 4077.1 4.27 |. 3:10). 2:91 | 1. 91-1 1.08 | 1:93} 1.23 24. 96 
LOO: Se oe Y 23 | 1.26 = 94 64 .97 | 1.56 | 3.96 | 3.09 } 2.62 | 2.41 | 1.07 .18 -45 18. 48 
WB os Ss 23 SPO eon ade eels 20) \'o. GO| vos002 (2900) 1-340"). 39) Ladi: |) 12384 .58 | 21.84 
BB OOF .. Sieee 22 . 60 -o2 aa.} 1.09 | 4.18.) 3.37 | 4.01 | 3.71 | 1.20') 1.20 slide lreroe: 22. 25 
IS aa 21 .29 OD 79 | 1.61 SAO elsoodinleGor lao Zula ld. . 61 .50 43 12024 
a Mt ot has fe oe 24 | 1.25 7 (3) AIM SON osOOlaooO | 2.0L jd. 19) | 2.51. | esa LOL 04) |e eomele, 
LN Sa ee 29 ~o2 . 20 34, |. 25497) "3. 815) 2:13 |°4.39 | 3257_1-3.98 -56 .14 SO reo AOS 
Reiley a Zoran 45 A et Onset Obs 96r) 2, 9. 3. 56) 2258) 2eSk_ 1 2s Bae .04 | 19.49 
ST eae ee ome peeae 53 Mo alee dee OOFD COM del loled. 2k | 229891259) | 162 .43 .38 | 24.22 
UCT GS Ae ee ae 35 ROS Nels OD: Sle Neotel osOL Wie 06 | 2254 | 119.1 2545 LO 12 .58 | 23.06 
Laas & 801-1..57 -43 | 1.64 | 2.06 | 3.35 | 4.80 | 4.20 | 4.06 | 3.74 200 509) | oT 295 See 7a76 
-— LT (aR tis 34 -70 . 86 -42 | 1.85 SPE Bel PA ORAM | OE ey ali 7 LX .19 . 63 13.41 
1 AST Sea 33 . 54 .19 a4, | 2,30 | 3-26 122.00 | 2.89 | 4.22 -41 | 1.22} 1.18} 1.04 19. 64 
MOTO SA. teen Se 33 29 - 66 | 74 | 1.65 | 3.77 | 3.26 | 4.53 | 3.39 | 1.22 | 1.12 | 1.82 ZOU |e 2oa0Z 


Norte.—Figures show “ weighted averages’”’ for 1892 to 1919. Maximums shown in italics. 


The maximum annual precipitation over the whole watershed since 
1885 occurred in 1896. While slightly greater average annual pre- 
cipitation was recorded at two observation stations for 1880 and 1882, 
and a much greater amount for 1878, than is shown for 1896, it is be- 
heved the earlier records should not be-taken to represent the aver- 


. 
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ages for the whole watershed area, because observations were recorded 
at but two or three stations. In 1885 the number of stations was in- 
creased to seven and these were distributed quite widely over the water- | 
shed: so the averages shown in Table 6 for the period subsequent 
to 1885 are considered more reliable than those for the earlier years, 


TABLE 7.—Varimum, mean, and minimum annual precipitation for subdivisions | 
of the watershed (see fig. 5) for period 1892 to 1919. 


| 
Watershed. | Maximum. Mean. Minimum. 
ie ee V ae Volume 
Tea, il- i]- (bil- 
Subdivision. (square) Year. les ee lions of penis lions of | Year. Devin lions of 
miles). | . \Gnehes).| “cubic |G2¢hes)-| “cubic (inches). | “cubic 
| feet). . feet). | feet). 
} es } 

1 ee Se ee Se ae 4,225 | 1916 | oon 345. 3 24.2 238.3 1910 13.6 | 133.3 
ee ee eae ae. 2,210 1906 32.5 166. 6 21.8 MES 1910 13.1) =. 267fee 
Fie at Re eae ee ge a 9,815 1905 Deal. 632.3 21.3 485.5 1910 11.4 | 260. 2 
Le eS Soest a hes 4,185 1896 22.2 215.8 17.3 168. 4 1917 11.8 114.6 
DY ee eee Ss ade eae Oe 5,320 1896 31.6 391.1 24.0] - 296.9 1917 IPE 1514 
Gees cee oe 6, 275 1896 24.5 356. 6 19.0 276.1 1917 12.1 176.1 
FS ae ee ae Sse te 3, 865 1904 25.1 225.6 ATT 158.9 | 1897 | 10.3 92.6 — 
1 and 2 above Fargo | = 

and Moorhead -.....- 6,435-, 1916 34. 2 611.9 23.4 349.8 1910 13.4 200.5 
1 to 5 above Grand _|\,- ~-- \f 1916 27.8 | 1,661.2 | | z 

Forks. 25,755 {1806 | 27.2 1628.3 \ 21.7 | 1,300.6 | 1910 12.2 | 730.9 
1 to 7 above interna- if 1896 26.5 | 2,209.8 : v 

tional boundary. 35,805. 1916 | 25.72 2) 144.8 } Buse |) Ly ENO | 2 eae 

E | 


Figure 6 shows the amount and distribution of the annual pre- 
cipitation for 1896, which is the year of greatest precipitation from 
1885 to 1919, inclusive. Table 7 shows the maximum, mean, and 
minimum annual precipitation for the seven subdivisions of the 
watershed shown in figure 5, also like quantities for the watersheds — 
above Fargo, above Grand Forks, and for the entire area south of the 
international boundary. | 

The maximum precipitation over sub-areas 4, 5, and 6 occurred in 
1896, the year in which the precipitation was maximum over the 
whole watershed. In 1916 occurred the maximum on sub-area 1, on — 
subareas 1 and 2 combined (south of Fargo and Moorhead), and on— 
the watershed above Grand Forks which comprises sub-areas 1 to 5, 
On subarea 2 maximum precipitation occurred in 1906; on No. 3, in 
1905; and on No. 7, in 1904. The precipitation on ree wonsene of | 
the watershed during the first six months of 1916, and during the last 
six months of 1909, was considerably above normal and caused ex-— 
cessive run-off. Figure 7 indicates the total precipitation for these 
half-year periods. This combination year was used later in com- | 
puting run-off. The total, however, does not exceed the 1896 precipi- 
tation (fig. 6) except on the small area south of Red Lake which was — 
covered by the storm of July 20-22, 1909. : ; 

The distribution of the mean annual precipitation for the entire 
watershed is indicated on figure 8. This map was prepared by | 
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plotting the average precipitation at stations having records covering 
10 or more years. The maximum and the mean annual precipitation 
as indicated on figures 6 and 8, respectively, have been greatest in 
| the southeastern portion of the watershed and have diminished in in- 
tensity to the west and north. 

Average depths of monthly and annual precipitation in the seven 
‘subdivisions (see fig. 5) of the watershed for the period 1892 to 1919 
were computed. The depths averaged were measured at from 2 to | 
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Fig. 6.—Total precipitation during 1896 on watershed of Red River of the North. 


12 weather observation stations in each sub-area. The total volume of 
precipitation for maximum months and for months immediately pre- 
ceding months when run-off above Grand Forks has been maximum 
are shown in figure 9. 

As is indicated in the various figures and tables, maximum precipi- 
| tation for April, May, and November occurred in 1896 when the 
| annual precipitation was maximum. In 1900 occurred the maximums: - 
| for August and September but the total precipitation for that year 
was considerably below the maximum. In no case has the maximum 
| for more than one of the remaining seven months occurred in a single 
_ year; each has occurred during a year for which the annual precipi- 
| tation was above the mean for the watershed. 
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Fic. 7.—Precipitation on watershed of Red River of t 
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Fic. 8.—Mean annual precipitation on watershed of Red River of the North. 
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Fig. 9.—Precipitation on five subdivisions of Red River watershed. (See fig. 5.) 
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A study of the annual and monthly records indicates that no com- 
bination of excessive monthly precipitation is likely to occur whic 
will produce a maximum annual precipitation of more than 30 inche 
over that part of the Red River watershed south of the international | 
boundary. It appears also that the maximum annual precipitatio 
for the extreme western portions of the watershed will probably not 
exceed 25 inches, and that the maximum for areas of 2,000 square’ 
miles or greater in the eastern sections of the watershed will probably — 
not exceed 37 inches. The maximum annual precipitation on the 
watershed above Fargo and on the Red Lake River watershed above 
Crookston will probably not exceed 36 inches. From the maximum — 
of 37 inches south of Lake Traverse and 36 inches south of Red Lake 
intensities diminish toward the north by about 2 inches per degree of 
latitude, and toward the west by about 3 inches per degree of longi- | 
tude. These maximum conditions are likely to occur but once in a- 
long period, perhaps 50 to 75 years. i | 

The records further show that maximum annual and monthly pre- — 
cipitation on the smaller watersheds have not occurred simultaneously 
on the different sub-areas. It is improbable, therefore, that the esti- 
mated maximum precipitation will occur on all the sub-areas in any 
one year. 3 
STORM PRECIPITATION, - 


Records were compiled of all: storms within the Red River water- 
shed with precipitation of 2 inches or more in 24 hours. For each 
storm the depths of precipitation for one day, two days, three days, _ 
and for the duration of the storm were determined for all observa- 
tion stations within or near the watershed. The records cover the 
26-year period 1894 to 1919, and include 130 storms of from two to 
eight days’ duration (see Table 8). By plotting isohyetals on a map ~ 
of the Red River watershed the intensity and extent of the storms | 
were made evident. The areas covered by storms during the years 
1894 to 1904 are somewhat indefinite, as the number of records is _ 
small. For the period 1905 to 1919 many more records are available 
and the areas covered can be more accurately determined. During ~ 
many of the storms excessive precipitation occurred in but few locali- 
ties and covered but small areas. The relative importance of the 
storms was determined from the isohyetal maps. 


TABLE 8.—Storm periods during which precipitation of 2 inches or more occurred — 
on Red River watershed in the United States. 


ne ee 
brit SRR ope 4nd +h. ie 


[ Length Length © 
Year. Date. ofstorm Year. - Date. ofstorm — 
period. | period. 
| = = 
Days. | Days. 
1RO4E 5 -eao sss ce Apr, 15-0. e. ce sees Gl Sob ose ae eee Mar 42t2-22 ee ; 
| June 26-28: 2p stsa-S-e- 3: || Ap ie Sale i 
RGAE aac June 2-0-2 eee 4 || Apr. 25-30: 322.6 - 222 
June 6-102 sees 5 |I Mayal=i22 ee | 
Sly 428s Aes 5 | June 4s so eee 
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ABLE 8.—Storm periods during which precipitation of 2 inches or more occurred 


on Red River watershed in the United States—Continued, 
: Length Length 
Year. Date. of storm Year. Date. ofstorm 
period. perion. 
Days. Days. 
eee MGM Se fas cinicce'e aos Srl OOS wee Ae ecec yes LL YuSeoe ace arate 3 
i WimMed4—1O sess. bop 6 Ang a SH 17 Ne eee se 5 
| o Ne 27 — 29 8 So = 3) MOOG Ee aoe aoe es oe IMiay.23=26.% so. eee 4 
: PUI Haas Meenas se 4 Jume 6-9-e: S232 saucer 4 
[ors Waly 6-92 las. Fo 5 so cele 4 Jie te —2 ee 5 
Hic (bio gd t? e  e 6 July 8l-Ang eo: eee 3 
a Apr. 29-May 1......... 3 A 20S 25 ee een es 6 
hee MR YeR R22 ee ose besye -' 6 Sep Cll leas ee eae 6 
|) JUNG 22 (ers, net -o 3 CANNER SLO re A res are Jue O= Iles eee 3 
1 : June 30-July 2..-.--..- 3 ANAS A—5 eS rk Oe era 3 
IND e772 es eee 3 ALIS (26-20 e erase eee 3 
ee MEN G23 38) |e eer aaesoe Gal ISIC Sogé ce beseae JUMCID= Shee see eee 4 
| ; Tune 620228. 2 S26 6 Ne W719) eee 3 
4 A tolrae\ KS a ae eee 5 Jume) 2-24 ea eee cee 4 
: JI pO oae Saeeeesen se 5 AMIE. 26-315 26 eee cee 6 
: IND CITES LS Ss ae Or Oe Ree boseee ose May 29-Junel.-...... 4 
& Ag 15-20... 224... . 6 Fully a4 ree ee 4 
a IPT Wa R20 sh sew ctciwcle 2 - 7 duly 19=21e es eee oe aie 3 
itt ir I es ee ae 7 Aug. 6-8...-..- Berta 3 
2Ny pres 2 he ee ces 8 Anges L013 See eee 4 
UO Oe aCe ote we 8 EU GLOR Pr tetasticete arial Apr TAS 20 so oceans ee 5 
ihe Sioa oa eee 2 UY 22524 see eter 3 
SYST Os fo 1b leap er 4 Sept. 4-6. 2.2 .te eee 3 
i) Sept galore oes. PRN MG Lo WP ses aes ee Mays = 125 sn Sa eae aii. 4 
S210 ay 5 eee 3 (Maye 14162. - ooh ce 3 
| OSes Yi VB RS Reese 4 June Ae sees seen 4 
“a whe), GES 3 qunlyi22—24 seep ao eee 3 
1 DUO ZO R20 a2 See pars St 6 Sept santos aces 4 
‘i Malye net oe eal. dV MWg hi Dives rns a cas cae A prale- loca cele. ee 4 
lea nly AS = 28s yes Oe ao acs 6 Ma yi2eboen st olenoe ae 4 
\- Sig gs eae ie 5 Tunel3-102 2 eee: 4 
a OY Se 4 See ie ee 4 Juilye26-O8 eee ese 3 
eterna) Mar, 23-2 eto. Dalal Od emrevereye store cers Tul ye2aoe ates Se eee 4 
1 URyO1 ce 1 yaa ee 2 Nt pds at eae oe 5 
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From the 130 storms 13 were selected for which the precipi idl B 
was exceptionally heavy over considerable area. The date, duration, | 
and location of each storm and amount of precipitation at one sta- | 
tion are shown in chronological order in Table 9. Three storms of 
maximum intensity for areas which vary in size from 300 to 35 000 
square miles were selected for more detailed study. Depth- -area 
curves for these three storms are shown in figure 10. The run-off | 
resulting from each of these three storms was measured at stream | 
gaging stations at one or more points in the watershed. 


TABLE 9.—NStorm precipitation on Red River watershed in the United States, 


| 
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The storm of July 17-22, 1897, covered the entire Red River water- | 
shed. The precipitation was the maximum of record during any | 
storm covering the entire watershed and was maximum for anys 
portion of the watershed 8,000 to 35,000 square miles in area. 
Isohyetals for the storm are shown in figure 11. Following this 
storm there occurred the highest stage of record at Grand Forks for — 
July and August, and the total discharge of the river for August, 1 
1897, was the poeaeded maximum for August. Less than a month — 
earlier than the July storm (June 27-29) another storm had occurred _ 
which .may have increased the run-off after July 17 in certain | 
localities. - | | 4 

During the storm of July 1 to 4, 1919, precipitation. was the maxi- 
mum that has been recorded on areas of 2, 000 to 8,000 square nia 
within the Red River basin.. Isohyetals for this storm are shown 
in figure 12. This storm produced very high stages on Red Lake ~ | 
itiger. Thief River, Clearwater River, Roseau River, and Two Rivers, i 
and caused heavy losses from drowned crops in eastern Marshall — 
County and in Roseau County, Minn, Nine inches of rain fell in” 
four days over an area of approximately 390 square miles. 


OVERFLOW OF RED RIVER OF THE NORTH. 33 


The maximum storm precipitation that has been recorded for 
areas of 300 to 2,000 square miles occurred on July 20-22, 1909 (see 
| fig. 18). The maximum 24-hour precipitation recorded for one sta- 
tion was 10.75 inches. Besides being maximum for the Red River 
Valley this storm, according to investigations made by the Miami 
(Ohio) Conservancy District, was one of the greatest that occurred 
in the upper Mississippi Valley during the period 1892-1916 and was 
_ the only one of 49 great storms in the northern portion of central 
-and eastern United States that shows a precipitation in excess of 6 
| inches in 3 days over a considerable area in the Red River water- 
| shed. This storm was central over the watershed of the Wild Rice 
| River in Minnesota and caused a more intense run-off to reach Twin 
- Valley, Minn., than has been recorded on any other watershed of 
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Fic. 10.—Depth-area curves for maximum storm precipitation on watershed of Red River 
of the North. A, Storm of July 17-22, 1897; B, storm of July 1-4, 1919; C, storm 
of July 20—22, 1909. 


similar size (835 square miles) in the Red River basin. This storm 
_ precipitation so far exceeded any other that has been recorded in 
the Red River Valley that it is doubtful whether any as intense as 
| that will occur again within 75 or 100 years on an area of 800 square 
miles anywhere in the valley. 

Relative to the other 10 storms listed in Table 9, the records for 
several are of special importance. In some cases the heavy pre- 
cipitation covered areas from which the run-off was measured, while 
areas covered by some were outside the watershed to the east and 
southeast and no measurements were made. The storm of June 20- 
23, 1919, was central over Towner County, N. Dak. It was unusual 
in that the heaviest precipitation occurred in the northwestern sec- 
tion of the Red River watershed. The maximum 4-day precipitation 
was slightly more than 6 inches but that intensity occurred over a 
‘ comparatively small area. This storm, however, caused heavy pre- 
cipitation over the Lake Traverse watershed. The records are meager 
but apparently on that area the rainfall was from 23 to 4 inches in 

70352 °—22—_3 
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48 hours. The run-off from this storm raised the water in Lake 
Traverse approximately 2 feet but did not materially increase Oe 
discharge from the lake. 

- The effect of the two storms of June 10-13 and June 26-28, 1915 
(fig. 14), is quite marked in the run-off records of Red ae at 
Fargo, Grand Forks, and Emerson. The monthly precipitation for 
June of that year was maximum. Apparently this was largely due | 


to these two storms which covered large areas in the central portion |§ 


Fig. 11.—Maximum 6-day storm rainfall on watershed of Red River of the North, 
: July 17—22, 1897. 

of the watershed above Grand Forks. The run-off for the following 
month was very close to maximum at that station. Investigation 
of the monthly and storm precipitation data (see Table 8, Summary) 
showed that one or more storms occurred during each month March | 
to September, inclusive, and that the excessive monthly precipitation 
of this period was due largely to excessive storms. | ¥ 

In the period 1894-1919 excessive storm precipitation, causing 
maximum or nearly maximum monthly precipitation, occurred dur- | 
ing each month just prior to the months from May to October for ~ 
which the run-off was maximum above Grand Forks. Thus May, 
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! tation, were followed by months of maximum run-off, June, August, 
and October, respectively. Again during May, 1896, and May, 1904, 
‘the run-off was near the May maximum for the period 1894 to 1919, 
because of storms in April and the first half of May in each of 
those years. 3 

~ Maximum run-off during July, 1916, at Grand Forks was due to ex- 
cessive storm precipitation in June and to heavy monthly precipi- 
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Fig. 12.—Maximum day storm rainfall on watershed of Red River of the North, 
July 1-4, 1919. 


tation (approaching maximum) for June and July. Maximum run- 
| off during September, 1905, was due largely to heavy storm precipi- 
tation during the last half nt August over the central portion of the 
- watershed. 
| if Thus it appears that maximum monthly precipitation due largely 
| to excessive storm precipitation over a considerable portion of the- 
_ Red River watershed, during the months April to October, has 
materially increased the run-off from the watershed; however, maxi- 
# Be te ; 
mum monthly precipitation may produce in the following month 
run-off approaching maximum even though no maximum storm 
_ precipitation occurs. 
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SNOW. 


In the Red River Valley snow has an important effect on run-off | 
during March and April. Snow accumulates in varying quantities - 
during parts or all of the months of November to March, inclusive 
The run-off resulting from this stored precipitation was studied for 
the period for which data were available, 1893 to 1920, inclusive. 
Weather Bureau records of snow and ice conditions, showing the > 


amount of stored snow remaining on the ground each week from | 
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~ Fig. 13.—Maximnm 3-day storm rainfall on watershed of Red River of the North, 
July 20—22, 1909. 
December to March, inclusive, were summarized and are shown in- 
figure 15. It was found that when a considerable portion of the 
watershed was covered with snow to a depth exceeding 15 inches 
during the winter, and when near March 1, 12 inches or more of © 
snow remained on the watershed, high stages would occur in the 
principal streams. In 1893, 1897, 1904, 1907, 1916, and 1920, when — 
flood stages occurred, this relation was found to be true. The only 
exception was 1917, when the Red River did not quite reach flood — 
stage, although there was quite a heavy snow covering on the water- 
shed (see fig. 15). On March 1, 1920, the snow was from 6 inches to — 
15 inches in depth (average about 10 inches); this snow melted — 
rapidly during the first half of March and the run-off therefrom 
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caused comparatively high stages of the Red River during the last 
week in March and the first week in April. This investigation showed 
for the highest flood of which we have record (that of April, 1897) 
| that just prior to the spring break-up the average depth of snow 
over the watershed was 26 inches, and that all of this snow melted in 
approximately 20 days. The data also showed that all of the larger 
floods that have occurred on the Red River have been due mainly to 
the melting of snow over the watershed, rather than to precipitation 
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Fic. 14.—Storm rainfall’'on watershed of Red River of the North, June 26-28, 1915. 


at the time the flood occurred, though in some cases precipitation at 
the time the snow was melting has undoubtedly caused stages some- 
what higher than otherwise would have occurred. That rains in 
April prolong the flood period is indicated by the diagrams for 1904 
and 1916, figure 15. 

Records show that nearly every year more than 25 per cent of the 
annual run-off occurs in April, although the precipitation for April - 
is seldom excessive and usually is less than 10 per cent of the annual 
precipitation. This high percentage of run-off during April is due 
to the melting of the snow stored throughout the winter months and 
_ to the more or less impervious condition of the ground at the time 
_ of the spring thaw. 
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| a OTHER FACTORS AFFECTING RUN-OFF. 


TOPOGRAPHY. 


Some of the main topographic features have been described. The 
general topography of the various watersheds is indicated in figure 
1; areas are given in Table 1. 

In the great central portion of the watershed comprising the area 
termed “the valley,” the surface is nearly level. The run-off there 
| never is rapid. In the highest portions, comprising the areas drain- 
ing to the upper parts of the tributary streams, large areas are flat 
and nearly level while others are somewhat rough. Depressions of 
every size are numerous; some are lakes while others are merely 
marshy. spots and “ pot holes.” The run-off there is even more slow 
than in the valley unless it is modified by artificial drainage to carry 
water from the flat areas and depressions. Between the two por- 
tions of the watershed just described is located the area just outside 
the most recent shore lines of the ancient glacial lake, Agassiz. Here 
the surface slopes are steeper and comparatively regular and vary 
from a few feet to 25 or even 50 feet per mile. Much of this area is 
well drained naturally. The run-off from it is more rapid than from 
other parts of the watershed, but even here it could hardly be termed 
“quick.” Considering the area as a unit, probably on no other 
watershed of equal size within the United States is the effect of the 
i topography on run-off more nearly uniform over the whole area. 


4 


SIZE AND SHAPE OF THE WATERSHED AREAS. 


The size of a watershed area is the principal factor to be con- 
sidered in determining the volume of run-off originating on the 
area, for, approximately speaking, volume of run-off varies directly 
with the size of watershed. This relation, however, does not hold as 
between size of watershed and rate of run-off, as the rate of run-off 
per unit of area decreases as the size of watershed increases. This 
is true because the most intense storm precipitation and the most 
rapid melting of snow occur on relatively small areas, and the time 
of occurrence of the maximum rates of run-off from these separate 
small drainage areas is seldom, if ever, such as to concentrate these 
“maximum discharges in the main outlet. The relation of size of 
drainage area to rate of run-off per square mile for various areas in 
_ the Red River watershed is indicated in Table 5. 

_ The shape of the watershed of the Red River tends to produce. 
} quick run-off. As the width of the area nearly equals its length, 
the run-off from large portions of the watershed tends to concentrate 
at certain points. The same conditions are found in many subdi- 
| visions of the watershed, as for example the area above Grand Forks, 
' that above Fargo, and watersheds of tributaries as follows: The 
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Bois de Sioux above Wahpeton, the Buffalo River, the Goose River, | 
the Red Lake River above Crookston, Two Rivers, and the Minne- | 
sota Wild Rice River above Twin Valley. On certain other tribu- 
tary streams where the ratio of width to length is small, the | 
shape tends to prevent a concentration of water in the lower reaches | 
since the water from lower part runs off before that from the 
upper portion reaches the main stream. On such streams the period 
of storm run-off is prolonged, but the rate of discharge is not so high — 
as from equal areas where breadth and length are approxiaiaialy S| 
the same. The Sheyenne River is the lareest tributary having a 
long, narrow watershed. The Otter Tail, Sand Hill, and Pembina 
watersheds are also of this type. 


TEMPERATURE. 


The relation between prevailing temperature and precipitation | 
and run-off was studied in some detail. As has been noted previously e 
a large amount of precipitation accumulates on the ground in the 
form of snow. In the spring, owing to the rise in temperature which | 
may sometimes be accompanied by rain, this accumulation is sud- 
denly carried into the tributaries thus causing maximum floods. - | 
The relation which temperature bears to the magnitude of the spring © 
flood depends on, (1) the rate and the amount of the temperature — 
changes; (2) whether the temperature rise occurs simultaneously _ 
over the whole or large portions of the valley, or progresses from the _ 
upper to the lower portion of the watershed. Since the Red River 
flows north, if snow covers large portions of the watershed a rise in _ 
temperature that moves gradually northward will tend to cause a _ 
greater flood than will a simultaneous temperature rise in all parts _ 
of the area. Temperature is an important factor as affecting evapora- | 
tion, and evaporation limits run-off quantities very arene 

isi the spring of 1897 when occurred the greatest flood for which 
reliable records are-available, there was a snow covering on March 
15 of approximately 26 inches. The temperature rose slowly between 
March 14 and March 25; after March 25 the temperature rose rapidly 
and by April 5 the snow had disappeared. On April 10 the maxi- — 
mum flood stage occurred at Grand Forks. There was very little 
rainfall in the last 10 days in March, approximately one-half inch 
in the first five days in April, and the precipitation for April was’ | 
only one-half the normal. High temperature and the warm rains | 
melted the deep snow covering and caused the surface water to move _ 
so quickly into the streams that the amount which percolated into the — 
soil probably was comparatively small and opportunity for loss by — 
evaporation was limited. In a similar manner rapid rise in tem- 
perature occurring simultaneously over central and northern por- — 
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tions of the valley in 1904 and 1916 produced higher stages than 


otherwise would have prevailed in the streams. 
VEGETAL COVER. 


On areas having moderate slopes such as are found in practically 


all parts of the Red River watershed, vegetation such as small grains. 


grasses, potatoes, or other plants whose stalks or leaves form a more- 


or-less intricate mass through which run-off must pass, tends to 


decrease run-off. The velocity of flow is retarded by the obstruc- 


tions thus offered and the time during which evaporation, absorption 


by the soil, and transpiration of plants may occur is increased. This - 
retarding effect would be greatest from June to September when 
plant growth is most luxuriant, and would be relatively small during 
March, April, and part of May, before plants are high enough to 
obstruct surface flow. 

ARTIFICIAL DRAINAGE, 


The function of artificial drainage is the disposal of excess water. 
Usually it is essential that such water be removed more quickly than 
it flows off through natural channels. This fact in itself would 
seem to imply an increased run-off rate as a result of artificial drain- 
age. The drainage, by means of open ditches, of areas which have 
served as natural reservoirs—such as permanent swamps, marshes, 


ponds, and lakes—removes large quantities of excess water during 


the initial period of the operation of the drains. After drains have 
been in operation for a time the amount of discharge is diminished 
by whatever water is absorbed by the drained soil and by whatever 


~ amount evaporation and transpiration are increased. One effect of 
| tile drainage is similar to that just stated, the run-off being de- 
| creased by whatever amount soil absorption is increased by the action 


of the tile. However, the influence of tile on run-off will develop 
eradually and appreciable effects will be long delayed because the 
installation of such drains will proceed slowly. 

Artificial drainage may increase the rate of run-off by increasing 
the number of outlets and thereby shortening the time period during 
which run-off occurs. However, the decrease in run-off due to in- 
creased absorption by the drained soil may more than compensate 
for the extra outlets. 

The only important conclusion which has been reached relative to | 


_ the effect of artificial drainage on run-off is, that when heavy rain- 


fall occurs or when large quantities of snow melt rapidly, artificial - 
drains may operate to increase the rate of run-off when areas drained 
are for any reason impervious to water, that is, when the ground is 
frozen or is saturated. Such increase in rate of run-off will increase 
flood heights along watercourses of insufficient capacity. Observa- 
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tions seem to indicate, however, that in the Red River valley opal 
drains do not ioral increase run-off caused by melting snows 
the spring, because a large majority of drains are anniely filled 
or badly obstructed by snow and ice and do not begin to function 
until several days after the snow on the watershed has melted. Un- 
der such conditions run-off collects and flows in natural depressions 
or channels without being affected to any considerable extent bye 


artificial drainage. 
EVAPORATION AND TRANSPIRATION. 


By far the greater part (between 85 and 98 per cent) of precipi- _ 
tation on the Red River watershed is disposed of by evaporation and — 
plant transpiration. As run-off comprises only the remainder of the 
precipitation those processes largely govern total run-off. Large — 
quantities of water evaporate from the soil and from water and snow | 
surfaces. Annual evaporation from the soil has not been determined 
definitely but under ordinary conditions this alone is probably as 
great as annual run-off. The process, however, goes on at a much 
slower—although more uniform—rate than does run-off, so its rela- 
tive effect is small when the run-off rate is high. 2 

The rate of evaporation from shallow water near Grand Forks ¥ | 
has been measured and recorded by Prof. E. F. Chandler for theme 
period 1905 to 1914. The results have been used in computing the — 
probable evaporation from lakes and reservoirs. Table 10 shows the = | 
mean monthly evaporation and the mean monthly temperature for 
the period 1905-1914. “ 


TABLE 10. Mean monthly temperature and evaporation at University (near 
Grand Forks), N. Dak. 


Mean 
Month. tempera- Mean evaporation. 
ture. 
Billions of 
cu. ft. per 
ied OF Inches Sq. m1. x 
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ING Vem DOP es sss oc Bact eee as ee el Pee Seats oe Se ees eee 27.6 63 - 0015 
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The evaporation figures for April to November, inclusive, are results of observations by Prof. E. F. = 
Chandler, 1905 to 1914; those for December to March are estimates made from available data relating to — 
evaporation during winter months. 

The figures deduced by Meyer,® as to evaporation from snow and ~ 
ice, agree very closely with the results of observations made by 


5 The Elements of Hydrology, Adolph F. Meyer. 
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7. 

_ Horton. These authorities show that evaporation as high as 2.2 
~ inches may occur during a month just before the snow and ice is’ 
changed into water. Snow melting slowly is subject to greater 
evaporation than snow melting more rapidly because of rains or 


high atmospheric temperatures. 
ABSORPTION AND STORAGE. 


Absorption by the soil, which is in effect a storage of water, 
affects run-off in two ways. In retarding the escape of water it 
decreases the rate of run-off by increasing the time required for 
water to reach drainage outlets, and the amount of run-off by increas- 
ing opportunity for evaporation and plant transpiration. Perco- 
lation also tends to reduce run-off in much the same manner as does 
absorption. In the spring the amount of percolation depends upon 
| the condition of the ground when thaw begins. It has been found 
where the ground, even if frozen, is not saturated, and where water 
or slush covers it for a time, that a surprisingly large amount of 
water will seep away. Thus the percolation factor, the dryness of 
| the ground, and the depth to which it was frozen before being coy- 
ered with snow may affect run-off very materially. 

The effect of storage in lakes, ponds, and reservoirs is similar to 
that of storage by soil absorption. The stored water is delayed in 
reaching drainage outlets, and thus greater opportunities for evapo- 
ration and transpiration are afforded. 


RELATION BETWEEN PRECIPITATION AND RUN-OFF. 


For each of those watershed areas on which precipitation and 
run-off records are coextensive the probable effect of extreme pre- 
cipitation conditions was determined. Moreover, various relations 
which are more or less indefinite were indicated by data compiled. 
Thus certain data on precipitation were adapted for use to a limited 
extent in connection with other data in estimating run-off for all 
| the watershed areas listed in Table 5. As the run-off records for 
the watershed above Grand Forks cover a much longer period than 
is covered by records for any other area the relation of precipitation 
to run-off was investigated in considerable detail for that water- 


ee shed. 


ANNUAL AND MONTHLY PRECIPITATION AND RUN-OFF. 


_ For the period 1882 to date annual and monthly precipitation 
records are available for all the watershed areas on which records ~ 
have been kept of the run-off. On four watersheds, namely, Red 
River above Grand Forks, Red River above Fargo, Red Lake River 
above Crookston, and Thief River above Thief River Falls, the ratio 


ak ee 


6 Monthly Weather Review, U. S. Department of Agriculture, February, 1914. 
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of annual run-off to annual precipitation was computed. The data — 
for the area above Grand Forks are shown in figure 16. On that : 
watershed the run-off in 1897 was maximum both in depth (32 | 
inches) and in percentage of annual precipitation (14.3 per cent). | 
In 1916, when maximum recorded annual precipitation occurred, | 
the run-off (3.1 inches) was nearly maximum, but the percentage 
of precipitation (11.2 per cent) that appeared as run-off was less 7 
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I916 11.2- 3I 27.8 

1882 11.7 32 27.4 

1896 7.7 2.| 27.2 

1905 7.1 1.9 269 

I901 65 17 26.0 

i891 3.1 08 25.6 

1884 6.7 1.7 25.3 

1906 9.6 24 25.0 

IS14 37 09 242 

1900 46 1. 23.8 

I915 65 15 23.1 

I919 5.7 13} 23.0 

I912 22 05 22.6 

1902 7.6 17 22.5 

1909 63 14 223 

1897 14.3(Max) 3.2 |e 22.3 

Sa eS 22.2 

1904 10.8 = 22.1 

1908 7.3 “= 21.8 

1903 7.3 1.6 21.8 

1887 3.7 0.8 21.8 

1892 10.5 22 21.0 

1899 68 1.4 20.6 

1893 10.3 2.1 20.4 

1890 3.0 06 20.3 

1898 5.1 1.0 19.8 

I918 26 05 19.6 

I913 3.6 0.7 19.5 

i895 3.1 0.6 19.5 

1894 67 13 19.3 

1886 64 1.2 18.8 

1883 11.7 2.2 18.7 

1885 9.6 1.8 18.7 

1807 10.3 1.9 18.5 

1888 10.5 1.8 17.1 

1889 33 05 15.3 

i917 9.0 |.2 13.4 

I910 9.9 1.2. 12.0 

MEAN 7.0. . 1S tie lee ee 


Fic. 16.—Annual precipitation and run-off on Red River of the North watershed above 
Grand Forks, N. Dak. 

than for 1897. The run-off during 1897 was increased by the heavy 
precipitation of 1896, by maximum depth of snow on the ground 
in March, 1897, and by extremely heavy monthly and storm pre- 
cipitation during July, 1897. 

Probable future maximum run-off as estimated from a study of all 4 
available data for the four watersheds mentioned above is indi- | 
cated in Table 11. It is improbable, however, that run-off equiva- “4 
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lent to the percentages shown in the table will occur during any 
year when annual precipitation is maximum in depth. 


TABLE 11.—Probable maximum annual run-off. 


Ratio a 
+ annua 
Streams. Station. praieaee run-off to 
r annual pre- 
cipitation. 
Sq. mi. Per cent. 
Red River....-.-.-------.---- Grandbh orks wNe Dak so seeos. nee bade aes: 25, 755 15 
| ON. Age eecie spe ene eee IPEVAEOS Ny JOE e eee Saks = aogenesae sorcmSe no dueS 6, 435 15 
med Lake River-...-.-:-.---- (CHOC) HOM A Ub Sein Sea oreo soeoe ar ocSe nese 5, 320 25 
miei River...-..-.----------- Miiommuvien MallssMinnls 25 ae el oe 1, 080 25 


8) 

Fic. 17.—Precipitation and run-off, Red River of the North watershed above Grand Forks, 
N. Dak., for selected months, 1882—1919. 1, Maximum monthly precipitation; 2, run- 
off during months of maximum precipitation ; 3, monthly run-off immediately following 
maximum monthly precipitation; 4, precipitation during months of maximum run-off: 
5, maximum monthly run-off; 6, monthly precipitation immediately preceding maximum 
monthly run-off. 

Investigation shows conclusively that run-off can not be determined. — 
by considering it merely as a fixed percentage of precipitation. The 
| part of precipitation that supphes demands of evaporation and plant 

_ transpiration is much greater and is more nearly uniform in quan- 
tity from year to year than is the part that goes into run-off. For 
the watershed above Grand Forks, comparisons of annual run-off and 


annual precipitation are shown in figure 16. Monthly distribution 
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of precipitation and run-off are shown in Tables 6 and-4. During 
the period 1882 to 1919, maximum monthly precipitation occurred 
8 times in May, 13 times in June, 11 times in July, 5 times in Au | 
gust, and once in September. Maximum precipitation for a single 
month during the 38-year period occurred in June, 1915. June is 
recorded also as the month having the highest mean monthly pre- 
cipitation during the period. For this same period the maximum — 
monthly run-off occurred once in March, 24 times in April, 4 times |% 
in May, 3 times in June, 4 times in July, once in August, and once» 
in October. Maximum run-off during a single month occurred in — 
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Fie. 1 _—Monthly precipitation and run-off, Red rth watershed above j 
Grand Forks, N. eis for 1882, 1896, 1897, and 191 : 3 

April, 1897, while the month having the highest mean monthly run- — 
off for the period also is April. Thus the records show June to be 
the month of greatest precipitation, and April the month of greatest — 
run-off. E 
Various combinations of maximum monthly precipitation and run- — 
off as recorded for the watershed above Grand Forks for the period © 
1882 to 1919, are shown in figure 17. Quantities of a similar kind — 
for 1882, 1896, 1897, and 1916 are shown in figure 18. These dia-~ | 
grams indicate that during the period of April to November, inclu- — 
sive, excessive monthly precipitation tends to produce high run-off — 
during the next following month, and that the excessive precipita-— 
tion is not reflected to any marked extent in the run-off for the same 
month in which such precipitation occurs, 


| 


4 
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RUN-OFF DUE TO STORM PRECIPITATION. 


Only casual examination of the data 1s required to make it appar- 
ent that storm precipitation during summer months often has marked 
| effect on run-off in the Red River watershed. The effect is relatively 
greater and is more apparent on small watersheds of tributary 
streams than on large areas, because the most intense storm precipi- 
tation occurs on comparatively small areas. In figure 19 the pre- 
cipitation during four summer storm periods, each on a different 


OM misn20e. 25 30 AGREES One Sen Oh IS EEO ne 5s GO Sa Umm 
JULY JULY AUGUST JUNE JULY 


Fig. 19.—Accumulated storm rainfall and run-off. 


watershed, is indicated in comparison with run-off which followed 
the storms. : : 
| On watersheds of 10,000 square miles or less, storm precipitation 

sometimes causes maximum run-off; but on the larger watersheds, 
“such as that above Grand Forks, spring run-off due to melting snow is 
-ereater. Accordingly, figure 19 as well as other data on storm pre- 
| cipitation and summer run-off have been used largely in estimating 
‘probable maximum run-off for the smaller watersheds (see Table 5). 


Oe 
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While figure 19 does not alone form sufficient basis for estimating 
maximum future run-off, yet the relations existing between volume 
and intensities of precipitation and run-off, time periods, and areas 
are of importance in estimating future run-off which may result 
from summer storms. - | 


ESTIMATES OF PROBABLE RUN-OFF. a 


4 q 


In Table 5 are shown the estimated rates of run-off for various) 
subdivisions of the Red River watershed. The basis for these esti-. 
mates is all available run-off records for annual, monthly, and daily | 
periods, and for flood periods during spring and summer seasons, 
as well as data on precipitation and the results of a study of the 
various other conditions that affect run-off. As may be noted from: 
Table 5, the rates of run-off shown are not expected to occur in such ! 
relation with respect to time that the excessive fiow from all sub- - 
divisions will concentrate in the outlets. 

Frequently, in connection with engineering reports on undertalal 
ings similar to the Red River project, certain formule or equations : 
are developed or equations previously evolved are adopted for use‘ 
in estimating run-off. In the present instance, however, each water- 7 
shed is a problem of itself and any attempt to calculate run-off for: 
the larger watersheds (say those of more than 200 square miles) by / 
formule is likely to give results which would be quite unreliable ° 
owing to the wide variation of the influencing conditions and to the > 


difficulty of assigning definite values to them. Accordingly no » 


a 


formula, equation, or curve has been developed and none is to be 


ee ded. < 
RUN-OFF FROM SMALL WATERSHEDS. 


Poe] 


e 
a if 


For small watersheds, containing less than about 200 square miles, _ 
the size of watershed drained is usually the dominating feature in 
determining the rate of run-off. For such areas a run-off formula 
in which the area of watershed is the principal factor may give satis-_ 
factory results if care and judgment are -used in applying the 
formula. 


TABLE 12.—Estimated run-off, per square mile, from small ivatersheds. 


: avai Minne- North- - 2 gs |; Minne- | N ; 
Area (square miles). Sahat Paton Area’ square miles). bere a nee ‘ 
= = } ~. q 
! 
Cu.ft Cu. ft. | Cu.ft. | -Cu.ft. 
per sec per Sec. | per-sec. | “per sec. a 
| a ee a ee ee eee ate 1230: cee ee oon ss ae ee ee ee ee ee 8.7 6. 
REE AEE OT ES EE Gin 1.9 eee SOs tae Os a es ae eel 8.5 6.6 
Dee EE okey ee 111 BAY i hee eee AD Sore Sa ee Ae eS 8.3 6.4 
1 Se ES ae eee ay em eee 10. 4 1 a] | ee eS Bees ie oe ee 8.1 6. Za | 
CSE Fe a. ee ee See 10. 0 1h eo | Ay Ge eee Se ee ae 7.8 5. Sie f 
fast tiene cgi eas Soon ES 9.7 1h? || 0022s tee ee Le 5.8 
1 {| Cain A a Par APOE ae 9.5 10.0 RS oo Pee 7.3 | 5.3 
ii ee ee Rema ee Sel 9.1 8.4 SQ00E ee as 5 aioe oe eee 7.0 | 5.1 
7. | ae pe ARE ot ge ks SAE toy ae 8.9 17 5 


1 By J. T. Fanning, 1886. 2 By J. T. Stewart, 1907. 
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| In preparing reports upon drainage projects in the Red River Val- 
| ley, J. T. Fanning’ (in Minnesota), and John T. Stewart * (in North 
| Dakota), estimated run-off by a method in which the size of water- 
| shed is the principal variable considered. Their conclusions, as re- 
corded for areas up to 200 square miles, are shown in Table 12. 


CONCLUSIONS REGARDING RUN-OFF. 


- Relative to seasonal variations of run-off, the study made by the 
| Bureau of Public Roads indicated two important conclusions as fol- 
| lows: 
He 1. No combination of storm and monthly precipitation is likely to 
| occur from May to October which will cause the Red River to over- 
flow below Wahpeton. 
} 2. No storm precipitation will cause excessive run-off and floods 
| in any portion of the watershed from November to March, when the 
| prevailing temperature is low. ees: 
These two negative conclusions may be stated positively thus: Ex- 
| cessive precipitation may cause floods on any of the streams from 
} May to October except along the channel of the Red River below 
Wahpeton. Rapidly melting snow, or a combination of precipitation 

| and melting snow, may cause floods along any of the streams in the 
} Red River watershed during March or April. 
There is nothing to indicate that conditions as to rate or volume of 
| run-off are undergoing any permanent change in the Red River Val- 
| ley. Rather it seems probable that the future run-off during any 
long-term period will be subjected to seasonal and periodical fluctua- 
} tions as great as any that have occurred in the past. 


THE FLOOD SITUATION. 


Serious floods caused by rapid melting of snow and rain occur in 
| early spring at intervals of from 1 to 15 years along the Red River 
| below Wahpeton, N. Dak. These floods affect land and property in 
| North Dakota and Minnesota, and in Manitoba, Canada. 
| During the period May to October local] floods are caused by local 
| storms which may cause very heavy rainfall over areas of 6,000 
| square miles or less. 
| : SPRING FLOODS. 

Just after the annual spring thaw the run-off is sometimes sufficient 
| to overflow the outside high banks of the channel. At such times ex- 
| tensive areas of land are flooded. As the land along the stream is flat ° 


| - *Report of Commissioners, “ Red River Valley Drainage,’ Crookston, Minn., 1886 (out 
| of print). 

| § Bulletin 189, Office of Experiment Stations, U. S. Department of Agriculture, May, 
| 1907 (out of print). 
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and nearly level the flood water has very little current. Also, owing 
to the wide extent of the flat, level topography the flood depth is not 
great even when very large quantities of water overflow. These floods 
cause no damage to the land itself and a few generations ago, before 
agricultural development had begun in the valley, the floods were of 
no consequence. At present an extreme flood such as that of 1897 
(see Pl. III, fig. 1), would damage much property, interfere with 
transportation, destroy live stock, and might cause loss of human i 
of serious damage increases as the country develops and as iopul aia : 
increases. A flood late in March may delay the preparation of the | 
land and seeding long enough to greatly reduce yields, particularly — 
of wheat, or may make it impossible to sow the lower portions of the | 
fields at anything like the proper date. These spring floods are also | 
important carriers of rank growing weeds of the river valleys. 
A feature of the Red River which has an important bearing on 
spring floods is its northward flow through a region of low winte 
temperatures and heavy ice. Spring thaws begin in the upper por- | 
_ tions of the watershed and move gradually downstream, causing run- 
off from large areas to reach lower portions of the river when the 
winter ice is breaking up and beginning to move along the lower 
channel. The ice lodges against trees and other obstructions which 
| partially fill the high-water channel of the stream. (See Plate III, 
figs. 2 and 3.) This retards the current and reduces materially the 
discharge capacity of the stream. Chandler ® states, relative to re- 
tardation of flow by ice, that it has been found by measurements that 
during early spring floods “on some days * * * ‘the water has 
been 2, 3, and even 6 and 7 feet higher than would have been neces- 
sary to discharge the same number of gallons per day later in the 
season when there is noice retardation * * *.” 
SUMMER FLOODS. | 
Throughout its entire length below Wahpeton the capacity of the 
Red River channel is sufficient to carry the average summer run-off 
of the watershed. Below the mouth of the Sheyenne River the - 
capacity is greater than is necessary for average flow and is sufficient 
to carry the most extreme summer run-off likely to be caused by 
storm precipitation. Above the mouth of the Sheyenne River maxi-— 
mum summer run-off slightly. exceeds the capacity of the waterway 
usually considered as being the stream channel but it does not over- 
flow the outside high banks of the actual high-water channel of the 
river. At and above Fargo some flooding occurs within the high 
banks of the channel during summer months, seriously affecting 
highway traffic, ae water, sewer facilities, and property on low 


‘The Floods of the Red River Valley,” Elwyn F. Chandler, The Quarterly Journal of 
the eae of North Dakota, Vol. VIII, No. 3, April, 1918. 3 
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Fic. 1.—LOOKING ACROSS RED RIVER OF THE NORTH FROM MOORHEAD, MINN., 
DURING 1897 FLOOD. 


Fic. 2.—LOOKING ACROSS AND DOWN THE RED RIVER OF THE NORTH AT BEND 
EAST OF WILD Rice, N. DAK., DURING THE LOW FLOOD OF MARCH, 1920. 
Note How TREES IN CHANNEL OBSTRUCT THE FREE FLOW OF WATER. 


FIG. 3.—LOOKING DOWN THE RED RIVER OF THE NORTH FROM THE GREAT 
NORTHERN RAILWAY BRIDGE AT FARGO, N. DAK., MARCH, 1920. NoTE How 
TREES IN CHANNEL” CATCH DRIFT AND DEBRIS AND INTERFERE WITH THE 
FREE FLow. 
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B. P.R.-D-1919 


Fic. I.—TYPICAL VIEW OF CHANNEL OF BOIS DE SIOUX RIVER SHOWING CON- 
DITION OF CHANNEL BETWEEN WHITE Rock, S. DAK., AND MOUTH OF RABBIT 
RIVER BELOW FAIRMOUNT, N. DAK., OCTOBER, 1918. 


B. P. R.-D94135 


Fig. 2.—LOOKING UP RED RIVER OF THE NORTH FROM FRONT STREET BRIDGE, 
FARGO. N, DAK., JULY, I9I6. 


B. P. R.-D-3638 


FiG. 3.—NORTH BROADWAY HIGHWAY BRIDGE NEAR FARGO, N. DAK. TYPICAL 
OF HIGHWAY BRIDGES BETWEEN FARGO AND GRAND FORKS. ON MARCH 28, 
1920, THE WATER WAS 7 FEET ABOVE THE FLOOR OF THIS BRIDGE. THE 
BRIDGE RAILING FOLDS DOWN ON TOP OF THE BRIDGE. APRIL, 1920. 
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wing the crop-growing season. uly Tati Paicibent to the river that 
overflowed is flooded by water from the tributaries of the Red, or 


water which comes from rains. 


FLOOD RECORDS. 


occur in two See aaline vere (1882 and 1883). The nee i , 

between flood stages was 12 years (1904-1916). Elevations and dates 
“of high and low river stages at three stations, Fargo and Grand 
‘Forks, N. Dak., and Emerson, Manitoba, are shown in Table 13. 


TABLE 13.—Elevations and dates of flood crests and low-water stages. 


Difference Grand Forks, N. Difference Emerson, Mani- 
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1 Emerson gauge established May, 1912. _2 Datum uncertain, 3 Pembina. 
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Only two of the spring rises have resulted in serious floods through- 
out the entire valley; these occurred in. April, 1882, and April, 1897, 
the latter being the maximum for which reliable records are avail 
able. The floods of 1893 and 1904 were more serious between Grand | 
Forks and the international boundary than in other parts of the 
valley. The 1916 flood was most serious in the vicinity of Fargo _ 
and in upper portions of the valley, but it was of slight consequence 
at and below Grand Forks. : 2 

With regard to floods along the part of the river within the - 
United States, records prior to 1880 are vague because no systematic | 
method for recording gauge heights had been in use before that time. 
Information as to floods prior to 1860 is merely legendary. Ac- 
cording to legend a flood occurred in 1852 which was from 1 to 10” 
_ feet higher than the 1882 flood at and below Grand Forks. Reliable | 
records of floods since 1826 at Winnipeg; Manitoba, are available. | 
The extreme floods there occur in May, nearly a month later than at 
Grand Forks, and are caused by fortuitous occurrence of high stages - 
in the Red River and the Assiniboine River, which joins the Red | 
within the city of Winnipeg. The maximum flood recorded at Win- | 
nipeg crested May 22, 1826, about 15 feet above the ordinary flood — 
height in that Leconte A flood 14 feet lower crested May 225 
1852, and stages about 4 feet lower en that of 1826 are said to have — 
occurred in 1776, 1790, and 1809. The highest flood since 1852 oc- 
curred in 1882 when the crest was 11 feet lower than in 1826. The) 
crest of the flood of 1882 in the Red River passed Winnipeg several _ 
days before that of the Assiniboine reached the junction of the” 
streams; thus a greater flood was averted. Considering these records 
for the lower river it appears probable that in 1852 a flood higher — 
by one or more feet than that of 1882 occurred along the river at and | 
below Grand Forks. ; 4 

The records indicate that a serious flood may occur in any year; ; 
that the probable frequency is once in 15 years; and that the probaaa | 
longest period without a flood 1s 30 years. | 


| 


THE LAKE TRAVERSE—BOIS DE SIOUX—RED RIVER CHANNEL. 


The Red River of the North is formed at Breckenridge, Minn., by 
the junction of the Bois de Sioux and Otter Tail Rivers, and follows 
‘, sinuous course to the north for about 394 miles to the international | 
boundary ; thence it continues to Lake Winnipeg. The Bois de Sioux | 
River risés in Lake Traverse, the total length of the combined water-— | 
course from the upper end of Lake Traverse to the Canadian line | 
being 456 miles, which is approximately twice the distance between © 
the two points as measured inastraight line. (See fig.1.) The stream | 
flows northward through the center of the bed of the ancient glacial” 
Lake Agassiz, the land on both sides being very flat for some dis- 
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~ tance back from fhe banks. The fall along its Sauer is for the most | 
part slight and somewhat variable. Alone the Bois de Sioux the 
fall is about 0.3 foot. per mile; from Breckenridge ‘i Fargo, about 1 
| foot per mile; and from Fargo to the Canadian line from 0.6 to 0.3 


foot per mile. (See fig. 2.) 
The channel of the upper Bois de Sioux is small and poorly de- 


| fined (see fig. 4 and Plate IV, fig. 1), but in the vicinity of Brecken- 
ridge the ali are between 20 and 25 feet high, and from 100 to 200 
| feet apart. At this point there is a further increase in size due to 
| the entrance of the Otter Tail, and from Breckenridge on for the 
ereater part of its length the stream has an inner or low-water 
channel with banks of varying height, with one or more terraces on 
each side which bring the outer banks up to or slightly above the 
level of the adjacent land. The outer banks, in places on the lower 
part of the river, are from 1,000 to 1,200 feet apart. 

_ The course is extremely crooked for most of its length, with many 
| loops, bends, and side channels. The channel often doubles back 
| upon its course and flows a considerable distance without gain in the 
general direction of flow. Over the greater part of its length the 
~ ehannel—especially the outer flood channel—is badly obstructed by 
| trees and brush (see Pl. IV, fig. 2) and many buildings, fences, and 
| other structures are situated within the outside banks. Many of the 
county wagon bridges have been built on the inner banks, spanning 
_ only the low-water channel (see Pl. LV, fig. 3); at flood stages these 
“are either washed out or completely aed thus forming addi- 
_ tional obstruction to flow. 

| _ Owing to the slight fall in the stream hed and the fact that the 
| slope arenas downstream as more water is added, the velocities of 
| flow are small and channel erosion is comparatively slight. The 
_ Stream under these conditions has not a channel of eaMicient capacity 
- at all points to carry the volumes of water present at high stages, and 
| Pine situation is rendered the more acute by the same’ state of 
1. the channel. As a result, heavy run-off from the watershed causes - 
| the stream entirely to fill the channel and spread widely over the 
) contiguous country. 

The upper part of the Bois de Sioux has practically no channel 
_ (PI. IV, fig. 1) and at times of high water the adjacent land to the 
| west becomes a part of Lake Traverse. The land to the east rises 
} sharply a short distance from the stream. Farther down, the chan- 
| mel gradually develops until at a point about 10 miles upstream ~ 
_ from Breckenridge it attains a capacity of 2,000 second-feet (see fig. 
|. 2and fig. 4). At Breckenridge there is a sharp increase in slope and 
size of channel which gives a capacity of about 4,000 second-feet 
_ within the inner banks and about, 8,500 second-feet for the entire 
te channel. From Breckenridge to the international boundary there is 


enne River the channel of the Red River will carry 12,000 second- - 


than AA Ge: and in the stretch seeween that point and the ternal 


of the channel will carry a volume of 25,000 second- feet without top- . 


_ indicate. This is due to the heading up of the water above the sec. 


as calculated by Kutter’s formula agrees very closely with actual — 
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a continuous increase in size of channel of the Red River and a ade 
crease in the general slope of the channel, broken by short stretchagy 
of greater fall (see fig. 2). | : , 

When the water in the river reaches a stage of 23 feet on the gauge | 
maintained by the United States Weather Bureau at Moorhead,} 
Minn., the water starts to overflow the inner banks and reaches so | 


of the lower lying road grades, buildings, and bridges—the channel | 


_ between the mouth of the Dakota Wild Rice River and the mouth of |} 


the Sheyenne River will easily carry 6,000 second-feet. A rise above | 
23 feet causes the overflow of low areas within loops of the river and | | 
parts of the city of Fargo which lie but slightly above the banks of 
the lower-water channel. Even at stages as high as 35 feet at Fargo! 
no extensive areas of land are flooded. Below the mouth of the Shey- 


feet, and from the mouth of the Buffalo to Grand Forks 15,000 sec. . 
ond-feet can be passed BaLnoRt overflow. Below the mou of the: 


tional Poduy along which the slope constantly diminishes, are 4 
found the sections of maximum area (see figs. 2 and 4). This part | 


ping the outer bank. | 

It should not be presumed that the river Pen flowing at these 
maximum rates will entirely fill the channel for its whole ‘length or : 
that greater volumes can not be carried at some points without over- ~ 
flow. The figures given refer to the approximate maximum volumes : 
that can be passed through the various sections of the channel with- _ 
out overflow at any point along the river. Greater volumes can be» 
carried at certain points, but even though the river remains within © 
the banks at these points it will overflow either above or below. When © 
flowing bank-full, on the other hand, the smaller sections pass mond 
water than their size and the slope of the stream as a whole would” 


tions of small area, and the ability of the larger sections below to 
carry the same volume at lower stages, which gives an increased — 
water-surface slope through the restricted portions.. The capacity 


| 


discharge as indicated by stream- gauging records. 
TRIBUTARY STREAMS. 


In some respects the tributary streams are much like the Red River, | 
the fall being slight in the lower parts of the channels. However, in 
their upper reaches the fall in most cases is much greater than in the | 
Red. These streams rise outside the old lake boundary and flow 
from the east and west through the old beaches across the flat lake 
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bed and into the main river. In many cases they parallel the river 
for some distance before finding outlet. They have sinuous courses 
and the channels are more or less obstructed by vegetation. Many 
of them originally spread out as marshes over the flats along the 
Red River and -had no definite channels for some distance. Some of 
these streams have been improved through the flat areas by artificial 
channels which carry the water coming down from the higher parts 
of the basin and also provide outlet for the drainage of the marsh 
| lands. -The flow in the lower parts of most of these tributaries is 
sluggish, and many are subject to overflows during heavy run-off. 
Overflow near the mouth is caused in some cases by backwater from 


the Red. River. 
EFFICIENCY OF THE NATURAL DRAINAGE SYSTEM. 


_ The general condition of the natural streams of the watershed 
results, during periods of heavy run-off, in constantly augmented 
bodies of water coming down badly obstructed channels of small and 
constantly diminishing slope, piling up as they progress, overflowing 
stream banks, and finally all uniting in a common channel charac- 
terized by the same conditions of slight fall, obstruction to flow, 
‘and diminishing slope; all this resulting in the overflow of large 
areas of flat land along the main stream. A study of the various 
streams of the basin shows that, with the exception of those with 
relatively small contributing areas, the channels are or can be made 
sufficient to carry the run-off during the summer months without 
overflow. In cases of intense local storms over limited areas, serious 
| damage has at times resulted from flooding during the summer, but 
| where the drainage area involved is greater than abotit 6,000 square 
| miles the extent of heavy precipitation and the concentration of the 
| run-off is not great enough to cause damaging overflow. It is the 
{ spring run-off, resulting from melting snow and ice and the general 
| spring rains, that causes the floods which cover a large perks of 
| the valley. 


ARTIFICIAL CHANNELS. 


Artificial drainage channels serve the double purpose of facilitat- 
ing the movement of the flood waters to the natural channels and of 
| providing outlet where natural drainage is lacking or inadequate. 
| In the former capacity they provide a means for the rapid escape. 
of the excess surface water during periods of snow melting and 
heavy precipitation, removing it quickly to the natural channels. In 
Swamp regions they remove the permanent excess of water, making 
possible the agricultural development of the land. They are, in 
| short, an elaboration of the natural drainage system of the watershed. 
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The Red River watershed includes large areas of land that origi- 
nally were sloughs, marshes, and swamps. These are of two classes 
with respect to location and origin of swampy condition; namely, 
those lying near the Red River in the bed of the glacial Lake Agassiz, 
and those outside the old beaches and situated at a considerably 
higher elevation. The former owe their existence as:marsh land 
to the spreading of the larger streams as they came from the higher 
ground into the flat lake bed, and to small creeks, blind coulees, and 
general surface flow on to the almost level land bordering the river. | 
These swamp areas lie on both sides of the Red River for the greater 
part of its length and generally are free from timber. The second- 
named type of swamp results from insufficient outlet due to flatness 
and to natural barriers to stream flow in the form of ridges. Most 
swamps of this class le in the eastern part of the watershed. Some 
the low pockets entirely surrounded by higher land, but for the most 
part they are swamps of comparatively wide extent and are perma- 
nently saturated. Direct precipitation, surface flow, and small streams 
constitute the source of their water. - Lying as they do in the upper 
part of the watershed, no large streams traverse them as in the case of 
those in the lower levels. In fact, most of the larger streams which 
contribute to the swampy conditions below have their sources in 

these upper areas. These swamps, for the most part, originally 

- were timbered, although in places there were considerable areas of 
open country and more has been cleared as drainage activities have 
progressed. - : | 
DRAINAGE DITCHES. 


In studying the artificial drainage of the watershed the flat areas” 
which form the old lake bed were considered separately from the 
upland areas. The lands included in the former class are those lying 
on both sides of the river inside the 1,050-foot contour. (see fig. 1) 
from Lake Traverse to the north line of Richland and Wilkin Coun-— 
ties; inside the 1,000-foot contour from there to an east-west line 
through Fargo; inside the 950-foot contour from Fargo to an east- 
west line through Grand Forks; and inside the 900-foot contour 
from there to the Canadian boundary. The drains which serve 
these lowlands have but little fall-and he only shghtly higher than 
the Bois de Sioux and Red Rivers which they enter either directly or 
through short reaches of natural streams. Consequently, they de- 
pend to a large extent for efficiency upon the conditions of river 
fiow and are intimately connected with any project concerning the 
river. The upland systems, with greater fall and free-flowing out- 
lets, are not directly concerned with the conditions below. 

The wet lands along the main watercourse have been improved by 
enlarging and extending the channels of the larger streams, and by 
systems of open ditches. The most extensive work of this nature 
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has been done on the Minnesota side, where the greater part of the 
land along the river is now under cultivation although much im- 
provement to drainage is still possible. Considerable drainage work 
has been carried out on the Dakota side also, but there still remain 
large areas of marsh land which are not used at all, or at best are 
used only as wild hay land or pasture. In Table 14 are shown, for 
each county involved, the areas of land lying within the limiting 
contours of the lowland country, the amount of low land within 


+ one-half mile of artificial drains, and the percentage of land thus 


served. This table shows clearly how much greater has been the 
progress of artificial drainage development on the east side of 
the river than on the west. Many of the marshes in the flats along 
the river are brackish, as is also the ground water under them. 


Taste 14.—Artificial drainage of Red River lowlands. 


Total ways Total ae: 
Area within one- z : Area within one- 
County. eee half mile of drains. County. et half mile of drains. 
Minnesota: Sq. mi. | Sq. mi. | Per cent. |} North Dakota: Sq. mi. | Sq. mi. | Per cent. 
Traverse. .-..-- 307 184} - 60.0 Richlandes. 5." 835 55 6.6 
Grantee 25° 190 45 23.7 | Cassse2e ease 937 176 18.8 
Walkan 220%: 588 218 BY Guey AUNT aero ts 492 52 10.6 
lays seo oe ook ss 617 230 37.3 Grand Forks... 639 22 3.4 
Norman..-.-.... 509 224 44,0 Walsheeeneee 501 27 5.4 
Olkga 2s Oe 1,061 604 56. 8 Pembina....... 730 143 19.6 
Marshall. ... =. 543 206 37.9 - 
Kartisone=.-2 2. 576 103 17.9 otaltasgse ee 4,134 475 ES 
South Dakota: 
Totalooso-cs. 2 4,391 1,814 41.3 Roberts! 2-2se.< 43 0 0 


The. workings of the drainage laws, through the arbitrary fixing 
of the extent, location, and channel sizes of ditch systems, have often 
hindered engineers in their efforts to design adequate means for 
relief. At times of flood in the Red River and in the lower parts of 
its tributaries, back water from these streams prevents the normal 
flow of water in the outlet ditches. ; 

Very extensive drainage systems have been constructed in the 
higher parts of the watershed on the Minnesota side of the river. 
They furnish outlet through or around ridges, give adequate fall 
through. flat areas, and provide means for lowering the water 
table in higher swamp regions. In many cases the immediate local 
drainage of the territory affected has been given attention; while 
in others only the general outlet channels have been provided, leav- 
ing the smaller local drains to be taken up as the development of the _ 
locality warrants. Very little drainage has been required in the 
uplands on the west side of the river north of an east-west line 


through Fargo. - 


The results of artificial drainage in the upper parts of the water- 
shed have been generally satisfactory, although in some cases the 
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work has not been comprehensive enough to provide for extensior 7 
that have or may become desirable; moreover, proper attention to the} 
outlet facilities has been neglected in some, and in others the desion 
of the system has been faulty. Many of the early ditches were shal 
low, and too small to afford good drainage. The ditches that are now| 
being constructed are generally deeper and larger, and are there | 
fore much more efficient as drains. The snow and ice in the spring 
fill many of the drains, but there seems to be no way to overcome 
this difficulty. q 

Damaging floods have occurred in Thief and Roseau Raver basing S] 
at times of extraordinary storms such as that of July, 1919 (see fia 
12 and Table 9). A part of this area is extensively ditched, many y 
of the land sections having ditches on two or three sides. Never. 
‘theless at the time oe aeed the ditches and streams overflowed, | 
‘the water completely submerging large areas and doing great- dam- - 
age. The trouble seems to hare been due, mainly, to the inability. 
of the two rivers in their present condition to carry off the water » 
brought to them through the artificial channels, and to some extent 
to the over-taxing of these artificial channels by the run-off from } 
too large areas. Under normal conditions most of the land affected | 
is free from damaging water. 4 | 

The development of graded highway construction throughout the iq 
watershed has grown to be a somewhat important factor in the re- | 
moval of run-off. As it has progressed, more and more attention hadi | 
been given the proper drainage of road grades until at present prac— | 
tically no new construction is undertaken without provision for the | 
removal of water which might prove injurious to the roads. The 
network of road ditches which is rapidly spreading over the entire _ 
watershed has a marked and 1 increasing effect upon the rapidity with 
which the run-off from spring thaws and storms collects in the 
streams and drainage ditches and is a factor not to be neglected — 
when considering the rates of run-off over the drainage basin. On 
the other hand, road embankments in some localities have interfered 
with drainage outlets. | 


TILE DRAINAGE. 


Tile drainage has barely passed the experimental stage in the Red 
River Valley, but the practicability of this method of local drainage © 
for the farm lands of this valley has been fully demonstrated by tests 
that have been carried on continuously since 1907 at the Minnesota 
State Experiment Farm at Crookston and by several private under-~ 
takings. The soil in which these tests have been made is typical of © 
that occurring generally over the flat areas along the river and the» 
results SHestor are indicative of what may be accomplished through-_ 
out the low-lying lands. The private tile systems that have been - 
installed have operated with varying degrees of success. It is doubt- 


| 
| 
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ful whether the design has been proper in all cases. The upland 
| soils are of a lighter, more porous character, and the question of suc- 
| “cessful tile drainage is one of proper design and construction rather 
| than of Mrabtivability. 

| The very dense soil of the lowlands takes water slowly. During 
| wet seasons the soil often remains completely saturated and even sub- 
| merged for considerable periods. ‘The ight slope of the land retards 
| the surface flow and crops frequently are damaged through the pres- 
| ence of this excess water. Tile drains, properly placed, provide di- 
| rect channels to the outlet. They rapidly remove the free water 
from the soil, thus quickly renewing its capacity for absorption and 
| in time increasing the porosity of the soil above the drains, thereby 
| accelerating percolation and the removal of excess water. Surface 
‘evaporation is decreased during dry periods, especially on cultivated 
| lands. The net result of tile drainage, therefore, is a reduction of 
| the bad effects of excessive moisture during wet periods and of defi- 
} cient moisture at times of drought. In the uplands are many areas 
| too wet to be cultivated that can be made arable by tile drainage. As 
| the development of farming progresses, more and more of this higher- 
. _lying land will be ed by this means. 


RECOMMENDED PLAN OF DRAINAGE. 


| = _ The surveys and investigations revealed clearly that the securing 
hag adequate drainage for the wet and overflowed lands in the valley 
| of the Red River of the North requires that floods be either con- 
_ trolled or reduced in stage as much as possible and that adequate 
| drainage ditches be provided to remove excess water rapidly from 
those lands which have insufficient natural drainage. 
| It was found that in the watershed of Lake Traverse and the Bois 
| de Sioux River (see fig. 1), the conditions affecting drainage and 
| flood control were such that the improvements in this section of the 
_ valley must be constructed as one project. However, in preparing 
_ the plans the effect of the recommended improvements upon the flood 
bd situation in the lower valley was given careful consideration. The 
work in the valley separates into three pr ojects, which can be carried 
x ‘out separately or as one large project. These are the Lake Traverse- 
Bois de Sioux, the Red Lake-Red Lake River, and the Red River of 


_ the North projects. 


ii 


SUMMARY OF RECOMMENDED WORKS. 


The improvements recommended in the Lake a. Bois de 
Sioux watershed are; briefly, the following: 

2 1. A detention reservoir to be formed in Lake Traverse by the 
a construction of an earth dam provided with spillway and outlet con- 


_ LAKE TRAVERSE—BOIS DE SIOUX PROJECT. ast 


_ watershed, include the south end of the bed of the glacial Lake 


clay mixed with varying quantities of fine sand and organic matter, 


simply marshes. Over much of the area the timber has been cut and 
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| 


trol and extending across the watercourse and the adjacent lowes 
near White Rock, 8. Dak., and also an earth levee at the south ene 0! 
the lake, near Browne Vv aes Minn. 

2. A new channel for the Bor de Sioux from the clan in Lake 
Traverse to a point near Wahpeton, N. Dak., where the natural oo 
nel will carry the water without flooding. 

3. A system of ditches to provide for the drainage i in the areas s to | 
be reclaimed by the project. gs 

In addition it will be necessary to replace some of the present 
bridges with larger ones and to construct new ones at points where 
the operations would otherwise interfere with transportation. 

These improvements are designed to relieve flood conditions, make 
possible the reclamation of the wet lands along the Bois de Siow 
and provide outlets for the drainage necessary to the development 
of this area. | . 7 

. DESCRIPTION OF WATERSHED. 


Lake Traverse and the Bois de Sioux Rigen with their tributary 


Agassiz oa the land adjacent to its shores. The nature of the topog- 
raphy and soil is a result of glacial action and subsequent natural 
processes as previously discussed. The soil is alluvium, composed of 


with occasional bowlders occurring in the vicinity of White Rock. It 
is fertile, and when drained and cultivated produces good crops of 
wheat Age other small grains, potatoes, grasses, and egg ee and 
fruits adapted to the climate. 

That part of the watershed lying in North and South Dakota, to- 
gether with a strip approximately 30 miles wide just east of the 
Bois de Sioux and Lake Traverse in Minnesota, is prairie land. 
The only timber cccurs in strips, varying in width from 100 feet to 
one-half mile, along the principal streams. The land is flat and rises” 
in a gentle slope on both sides. Practically all the prarie land has 
been cultivated. 

The eastern. portion of the watershed, in Minnesota, was original 
covered by forests. The topography is quite aush and there are 
many depressions, in some of which are found lakes while others are © 


the lands cleared, until at present probably less than 10 per cent of — 
this area is forested. The total area of the watershed above the 
junction of the Bois de Sioux with the Otter Tail, at Breckenridge, 
Minn., is 1,875 square miles. 

Owing to the flatness of the land surface and to the limited quanti- 
ties of water which the drainage channels have carried, the latter are 
poorly developed and are not large enough to carry off the excess of 
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FIG. I.—CHANNEL OF BOIS DE Sioux RIVER EAST OF FAIRMOUNT, N. DAK. 
WATER 4 FEET DEEP, 60 TO 120 FEET WIDE, DISCHARGE ONLY 42 CuBIC 
FEET PER SECOND. JULY, I9IQ9. 


B. P. R.-D0-3632 


FIG. 2.—LOOKING SOUTH ALONG EAST SHORE OF LAKE TRAVERSE. SITE OF 
PROPOSED DAM SOUTH OF WHITE Rock, S. DAK., APRIL, 1920. 
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C sipitation without overflow. Three conditions make additional 
SI = drainage necessary: (1) Flat: or nearly level land surface 
Prout natural drainage ears. (2) depressions in which water 
lects and stands because of lack of outlet; and (3) natural chan- 


altivated and the Heriainider | 1S od to some sone as Ths eet 

The present channel of the Bois de Sioux is entirely inadequate to 
er the water that comes to it from Lake Traverse (see Pl. V, fig. 1). 
The cross sections (fig. 4) show that near Lake Traverse hie stream 


| Phils near Fergus Falls ay flows south about 25 nee onal then 
2. and southwest to Lake Traverse. Practically all of the water- 
‘shed of the Mustinka in Traverse County (see fig. 1) has been drained 
‘by ditches spaced approximately 1 mile apart. In that county the 
annel of the Mustinka has been dredged and straightened for a con- 
erable portion of its course. The Rabbit River drains approxi- 
ately 300 square miles lying north and west of the Mustinka. It 
nters the Bois de Sioux about 10 miles south of Breckenridge (see 
©. 3, sheets 8 and 4). As shown in fig. 1, a considerable portion of its 
tershed has been drained by open ditches spaced 1 mile apart. 
om a point about 4 miles south of White Rock, S. Dak., north to 
irmount, N. Dak., there is a strip of land along the Bois de Sioux 
ich is frequently overflowed. From Fairmount north to Brecken- 
ridge the lands are occasionally overflowed. At times serious damage 
‘Is caused by water from the Wild Rice River in North Dakota break- 
4 out of its banks, flowing east, and flooding the land between its 
channel and the Bere de Sone Seance song exist on the Rab- 
bit River and Otter Tail River, which sins land southeast of Breck- 
L aridge. 
MPAs | the channel of the Bois de Sioux is too small to remove the 
Le water which comes to it when heavy rains occur, much land is flooded 
and the drainage of the higher-lying lands is obstructed. The flood 
“water drains off slowly through the inadequate watercourse or remains 
“on the land until Be poicd: In years when heavy rains occur dur- 
‘ing the summer months, the crops are seriously damaged or com- 
pletely destroyed. This damage becomes more serious if preceded by 
a wet spring. Floods.are frequently caused by the melting of snow 
in the spring. These spring floods cause some damage by interferi ing 
with farming operations and prevent planting at the proper time. 


Na 
A me : x 
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The information collected shows very clearly that the highdl q 
floods are those caused by melting snow, combined in some instances 
with rains at a time of the year wher the ground is more or less i mn 
pervious to water. However, the floods that have caused the greatest | 
loss to crops have been those eed by heavy rains over the watershee 
during the period from May to August. The natural drainage is not 
capable of removing the run-off fom heavy storms, such as occurre¢ 
in 1916, in time to prevent flooding and serious damage to crops. In| 
many instances where an attempt has been made to relieve this condi 
tion by constructing ditches, it has not been possible to secure a satis: | 
factory outlet or the drains have been dug too shallow and too small, | 


THE PROBLEM. 


In order to relieve the conditions just described, it is necessary 
either to provide channels of sufficient capacity to remove the run-off | 
from storms and spring thaws without flooding or so to control this 5 
run-off that the drainage channels shall not be overtaxed. A combi 
nation of the two methods is recommended as most advantageous. A 
number of different plans for accomphshing these results were given 
careful study. No discussion will be given of the several plans con- 


sidered but not adopted. 
In reaching conclusions as to the conditions shiek must be met 


in planning the improvements extensive and detailed studies were 
made of all available precipitation and run-off records. These 
studies and the methods used in estimating requirements have been 
discussed, and only those phases that apply to this Be in par 
ticular will be taken up here. — 

In planning for the drainage of this watershed provision has been 
made only for outlet drainage. Only those works have been in- 
cluded that will require joint action of the three States interested 
_ Some suggestions are made as to lateral drainage, but it is believed 
that these local drains can be constructed most economically under 
the drainage laws of the State in which the drains are located. | 


THE DETENTION RESERVOIR. 


The reservoir, by means of which it is proposed to control the run-~ 
off from the Lake Traverse watershed, would include that part of 
the present bed of the lake between Browns Valley, Minn., and the™ | 
north line of sections 24 and 33, T..128 N. Along this line, which | 
is about 4 miles south of White Rock, S. Dak. (see Pl. V, fig.” 
2), it is planned to build the earth dam extending to high ground 
on both sides. The proposed sluiceway for controlling the outflow 
is located at the intersection of the dam with the Boise de Sioux chan-— 
nel, and the spillway for protecting the dam from damage by over- 
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| flow is Pealacad at the extreme east end. Both of these structures are 
| to o be of reinforced concrete. For the location, elevation, and dimen- 
ip sions of the dam see figure 3, sheet 2, and fea 4. A levee at the 
south end of the lake, near ingore Talley: will be necessary to pre- 
1 vent overflow into Pisctont Lake. A channel extending about 2 miles 
| back into the reservoir is planned to facilitate flow to the sluiceway. 

fhe embankment of the railroad spur from Browns Valley to the 
| 


ain elevator at the south end of Lake Traverse must be raised to 
avoid interruption of traffic by water in the reservoir. (See fig. 
| 3, sheet 1.) On account of the navigation on Lake Traverse it is not 
| permissible to lower the water sur Fee of the lake artificially below 
| = 972, the present low-water stage. As the breaking of the 
| reservoir Hea full would cause a great flood and much damage to 
if "property and crops, it has been made of such dimension as will give a 
darge factor of safety, and it will store the run-off from a storm much 


arger than any on the Red River of which we have a record. 


/ a RUN-OFF TO BE CONTROLLED. 


b. Fairly complete precipitation records from about 1893 to date are 
| ae as are also data (April, 1917, to date) from which the dis- 
charge a the Mustinka River into Lake Traverse can be ae 


ee areas in the Pee ied of the Red River. ~The records of dis- 
charge are shown in Table 3. In view of the paucity of actual flood 
| discharge measurements it was necessary, in order to decide upon 
‘the probable run-off from the watershed under consideration, to es- 
F t ‘tablish some relation between precipitation and run-off. 

. _ In studying the available records of run-off, as shown in Table 3, 
| a was found that by far the greatest run- off per square mile that 
1 has ever been recorded in any B reehed tributary to the Red River 
\ pccurred in the Wild Rice watershed in Minnesota as a result of 
| the storm of July 21-23, 1909. (See Table 9.) Computations of 
E Monthly and annual run- off for the period July, 1909, to December, 
bs 917, also show that the maximum monthly and half- Scare run- off 
; iT tied during that period occurred on the Wild Rice River during 

1909. 

gs As the run-off from January to June, 1909, was not measured and. 
"a maximum year could not be eA mated Ghererions the records from 


ex 

 Famuary to June, 1916 (showing maximum half- ae run-off since 
ES 

3 


| 


— 1909), and from sine to December, 1909, were combined as though 
they had occurred in one year. The period January to June, 1916, 


~~ 
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was selected because the heaviest run-off for the first six months of 
a year was recorded during that year. The precipitation for these ( 
periods is shown in figure 7. It will. be noted that the heaviest pre | 
cipitation occurred over the eastern and southern parts of the water. | 
shed, and that the precipitation diminished in intensity toward the | 
northwest. It is thought that this combination, which includes the | 
July, 1909, storm, will give a greater annual raeoe than has ever 
actually Seed from the watershed of the Wild Rice River i 
Minnesota. A comparison of figures 6 and 7 shows that the com- 
_ bined precipitation is heavier than that which occurred on the Wild | 
Rice watershed in 1896, the year of maximum recorded annual pre - 
cipitation over the Red Riven watershed. A 
In computing quantities for which storage and outlet capacities S 
must be provided in order to control the run-off, it is necessary to take 
into account the amount of evaporation from the water surface of the » 
reservoir. Using figures shown in Table 10, these quantities were com- ~ 
- puted in billions of cubic feet for an area of 35 square miles, the area” 
of the exposed water surface at elevation 979. Any rise above this + 
elevation would cause only slight increase in the surface exposed, | 
These quantities were deducted from the estimated inflow to the » 
reservoir. | 
A study of the relation of the run-off to rainfall in Ane watershed | 

of the Wild Rice and the Mustinka, which latter is the principal trib- — 
utary to Lake Traverse, indicated that the ratio -was approximately © 
the same for both watersheds. . 
Available data indicated that the run-off per square mile from the — 
Lake Traverse watershed might be expected to be as large as may _ 
occur from the Wild Rice watershed and that the monthly distribu- 
tions during the year would be nearly the same. The Lake Traverse — 
watershed is 1.6 times as large as that of the Wild Rice. Accord naam i 
the run-off from the Wild Rice for the period January to June, 1916, 
and July to December, 1909, was increased by 60 per cent; and to | 
make allowance for the hee spring in the Lake Epes water- | 
shed, one billion cubic feet was transferred from April to March. 
The monthly evaporation from Lake Traverse was then deductedll 
and the remainder was taken as the maximum amount of water for 
which provision must be made. Monthly and accumulated quanti-— 
ties thus estimated are as follows, stated in units of billions of cubic — 
feet. q 


| Jan. | Feb. | Mar. Apr. May. =e July.| Aug. or Oct.-| Nov.| Dee. pei 
Monthly 22-0306 <8 rage eo he setts 3.10 i coe 0.51 | 0.34 | 23.48) | 
Accumulated. .-.-..- an 19 | 1. 43 | 4.26 6.73 é ae 16 21, 42 22. 30 22.58 \23. 09 -\2. 343 |...-=3 a 


ae. 
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This run-off represents conditions that would obtain if, after a wet 
| spring, a storm such as occurred in 1909 should cover the Lake 
| Traverse watershed. 

The relation between the precipitation and run-off for the storm of 
‘July, 1919, was investigated in the same manner. It was found that 

approximately the same percentage of run-off occurred from this 
; storm as from the storm of 1909 on the Wild Rice watershed; but as 
| would be expected, on account of the greater storm area and less 
| intensive precipitation, the run-off extended over a longer period of 
| time. Plans were then worked out to control a run-off from the 
| Lake Traverse watershed of 28.48 billion cubic feet, which consti- 
| tutes the total run-off for the hypothetical maximum year. It is 
| equivalent to 25 per cent of the maximum annual precipitation 
' recorded on the watershed. | 


+ ¢ 


OPERATION OF THE RESERVOIR. 


The reservoir is designed so to control the run-off from the tribu- 
tary watershed that there will be no outflow from it in the spring 
before May 1 and, except under extraordinary conditions, the dis- 
charge through the sluiceway into the outlet channel will at no time 
exceed 1,000 second-feet. After May 1, such a flow can be accommo- 
dated by the river below without difficulty, except possibly at times 
of heavy storm run-off in the lower valley which may cause tem- 
porary high river stages. To relieve the lower channel under such 
conditions, the reservoir may be entirely closed for a period of at 
least 15 days at any time necessary, thus eliminating for such a period 
the flow from the Lake Traverse watershed. | 

The flow through the sluiceway, as planned, can be maintained at 
1,000 second-feet under varying head, by regulating the gate open- 
ing, and at. high reservoir stages over 2,000 second-feet can be dis- 
charged when necessary. It is proposed to place the spillway crest 
at elevation 983.0, which would give a storage capacity in the reser- 
voir of 9.849 billion cubic feet when overflow begins. The spillway 
is planned to discharge at a rate of 2,000 second-feet when the water 

reaches elevation 985.0, which is 3 feet below the top of the dam. 
| With the water at this elevation the reservoir would hold 12.035 
billion cubic feet and the spillway alone would be discharging at a 
rate almost as great as the maximum rate of inflow which has been 
recorded. Table 15 gives the storage capacities of the reservoir at 
the different water surface elevations. 
70352°—22—_5 


a 
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TABLE 15. —Storage capacity for the nronosed Lake Traverse detention reserve 8 
south of White Rock, S. Dak. 


Mean Total Mean al 
ees. ae storee a soar storage 
- -,. | wolumes | capacity -,. | volumes | capacity 
Contours. desis: when ab ove Contours. aE when above 
oot | elevation | 00 elevation 
contours. deep. | 972. contours deep. 979 
| | | : 
‘ | Billions | Billions | Billions | - | Billions | Billions | Billions 
of sq.ft. | of cu.ft. | ofcu.fle | of sq. de of cu. de oe ie 
QI ae hog es 056104 2s— 020007)" 980" a= eee 3 : 
OG ee ee ee 680 0. 645 SHAS POS 1 Sees ae eters 1 oy 1 a 
[fee ed eat 749 715 3604989 ee ee | 1. 037 1.027 
[5 Sere tee a ae 811 780 2.140 Nikice,5 peepee een reap 1.065 1.051 
O16 Fee Be 873 842 2° 982 EO Sdn eee 1.092 1.079 
UW GEL spas cae ees apt 915 894 3. 876 | De ee 1.121 1.107 
O18 eee 956 936 4 B12 O80" 2 Sa es cee ae 1.149 1.135 
OF Nips cae 976 966 Bote 81 BOOk ee ae 4 243 ce 
I 


_ The relations of inflow, storage, and outflow are shown in the na o 
diagrams of figure 20. Tt will be noted that, in these diagrams, the 
15-day see ois of no outflow have been taken in each case at a time — 
when their effect in producing high reservoir stages would be | 
greatest. ‘ 
+ In diagram E of figure 20, the estimated mean annual run- of, 
“ Inflow,” was obtained by quire the mean monthly, 1909-1917, A 
run-off of the Minnesota Wild Rice by 1.6, the ratio of the watershed 
areas, and deducting the loss by evaporation. The curve for the run- 
off of 1916, diagram A, figure 20, the year of maximum precipitation — 
over the Lake Traverse watershed, was obtained by plotting as run-— 
off for each month, 20 per cent of the precipitation over the watershed 
for the preceding month with the exception that 20 per cent of the 
total precipitation for December, 1915, and January and February, 
1916, was plotted as the March, 1916, run-off, the January and Febru- — 
ary run-off being merely nominal. This ratio (20 per cent) of run-_ 
off to precipitation is the mean of those that prevailed immediately — 
after the great storms on the Red River watershed as indicated by © 
figure 19, and is considerably higher than is indicated for normal con- — 
ditions by the rather meagre data available. Diagram E shows that — 
with an outflow of 1,000 second-feet, starting May 1, the reservoir in 5 
a mean year would be br ought to low stage by about the middle of © 
June and that from that time on the outflow would at all times be 
less than 1,000 second-feet. The maximum storage required would 
be less than 2 billion cubic feet. In the case of run-off such as is 
estimated for 1916 (diagram A) all run-off prior to May 1 could be 
stored and the reservoir closed for 15 days during the summer, and 
yet the reservoir could be emptied. by the middle of December. In 
that case there would be a maximum storage of 4.3 billion cubic 
feet, which would not raise the water above elevation 978. 

In diagram B of figure 20, maximum spring run-off (January- 
June) was plotted in cones with the summer and fall run-off 


67 


‘ILOAIOSOY WOLUSJIC WAVABIG, VYBY posodorg ‘Mop}NO poi[o1juoD puB ‘aSVIOJS ‘MOPUL UooMJod SUMOT}RIOY—'OS] “OM 


Jaquasag o} Ajn¢ ueaw pue 
aunr oj Auenuer wnuwixew ‘4J0-unYy 


"930 AON ‘190 ‘1d3S “ONY AINC INAL AVA Ud’ YYW ‘834 Ne 


Jaqwaoag oO} Ajne wnwixew pue 
aune oj Auenuer ueaw ‘jjo-unYy 


330 AON “190 Ud3S ONY AINE INAS AYA Uddv HVA 894 (NWT 


jpo-uny jenuuy Wnwixey, payewiysy 


274 NYS D390 AON ‘190 1d3S ‘ONV AINF INNS AWW ‘ud YVAN O94 ‘NYE 


La ‘ ; 
ty é 2% 
onl M4 % vo 
(e) S > 
b ’ > 
A 9 S 5 
® ° S 
(ea) a 6 “7D YOIIE 6 39 
an ee s s abevog Wwnu/xEew S 
H —-— ole & o® 
rer 2D YOU/!E 9D/ > yy 
i ° : x 
fey Ny 9 % 
5 cA Zh 
ts ©) (s0e6 42/7) “4 
vi > VND YOUNG ZL ay 
6G S : vl 
ss ae 
HH © 
Brae il : 
pe oi : | 
a 1 4Y2D YOUNG 121 oz $JO-UNY OIG| Paewiysy 
fom V4 2besO{G wnuyxeyw 
Hp ‘930 AON “190 ‘1d3S ‘ONY AINE INNES AWW Ud UYAW ‘834 ‘NYP 
5 [Zo see, 
(o) — v2 
y, pe 2 
E ae 
ae Z| 
Qo y 
fy Pe te 
fom jjo-u ny jenuuy Uued}\| payewiysy ee ® 
86 
ee O30 AON 190 1d3S “ONY AINE 3NNP AVI “dd YUVA 8394 NYE oo ee im 
oe % 
Pe. wert Tis ta // |e “f 
=a N yer ite) <a 
W, 23 ee nf ue 
ae ae (sue ana) | Sey ? 
’ 4, *, % Le) . . 
on pe alien a \ = (OLE 49/7) vis 
f % 4/72 YOU/]ig@ oO” 
° P % DBCIULG WNUYXe 
* : joke aa oleae 
P 8! 


68 BULLETIN 1017, U. S. DEPARTMENT OF AGRICULTURE. — 


of the mean year. The maximum storage under these conditions | 
is seen to be 5.9 billion cubic feet, at water elevation 979.1. The | 
reservoir in this case would be empty by October 1. — 
In diagram C, figure 20, the run-off curve was made up of t ae 
spring run-off of the mean year (January-June) and the maximu1 
summer and fall run-off (July-December). Maximum storage here 
is shown to be 7.2 billion cubic feet, at elevation 980.5. The reservoir | 
would be empty by the middle of December. 4 

In diagram D, figure 20, the most extreme conditions that may 
be expected are on The run-off plotted here is for the hypo-. 
thetical maximum year as stated on page 64. This diagram shoys | 
that the maximum storage required in the most extreme case (that of 
closing the reservoir during the last 15 days of August) would be « 
12.1 billion cubic feet, if the rate of outflow were 1,000 second-feet » 
continuously after May 1. However, before the water surface | 
reached elevation 985.1 required for this amount of storage, the spill 
way alone would be discharging at a much greater rate than 1 000 ( 
second-feet, so that this stage would not be reached under these con- i 
ditions and there would be a minimum freeboard on the dam of more | 
than 3 feet. By regulating the outflow during September at 2,000 | 
second-feet, which could be taken care of by the outlet channel if } 
necessary, the storage could be reduced to 7.8 billion feet by October } 
1, and with a flow of 1,000 second-feet from then on the reservoir ! 
would be emptied by early in January. If the heavy July run-off i 
were to occur in June, with that of June transferred to July, the ¢ 
maximum storage would be 10.6 billion cubic feet. If in addition to: 
closing the reservoir for 15 days at one time it should become neces- - 
sary, on account of some great storm, to close it at another time for a ) 
short period, say 4 days, an increase in the rate of outflow to 1,400 
second-feet would in 10 days bring the storage back to normal. In 
all cases the reservoir would be empty before the heavy spring run- 
off of the following year begins. These conditions are extreme and in | 
all probability never will occur; but should such a combination of - 
run-off come, it can be controlled without damage to the reservoir 
and with Jess damage from flooding in the lower valley than would | 
result from the unhampered flow of such run-off. | 

Should even worse conditions prevail than have here been con- 
sidered, the reservoir would still be safe from destruction. The spill » 
way and culvert together would be capable of discharging more | 
than 4,000 second-feet when the water reaches elevation 985.0. in the — 
reservoir. Before the water could rise high enough to overtop the 
reservoir the discharge through sluiceway and spillway would be | 
more than doubled. To raise the réservoir to a height that would | 
involve this rate of discharge would require a rate se run-off very — 
much higher than has ever been recorded in the Red River watershec i 


i 
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for an area as large as that draining to Lake Traverse. A discharge 
| from the reservoir of 4,000 second-feet would flood the lands below 
|the dam during the time that rate was maintained, and for a short 
| time afterwards. It appears, however, that ample capacity with a 
|safety factor for the most extreme conditions that will occur will be 
| provided by the proposed works, and that the necessity for discharge 
| at the rate of 4,000 second-feet would occur only at long intervals, 
-/if ever. The factor of safety in the case of the reservoir is some- 
| what higher than would be considered necessary in designing chan- 
| nels for the uncontrolled disposal of run-off. This is considered ad- 
| visable in view of the cost of the reservoir, and the extent of damage 
to the controlling works which would follow failure of the dam, as 
well as the disastrous results in the valley below. 


THE OUTLET CHANNEL. 


| The location and courses of the proposed outlet channel are shown 
} in figure 3, sheets 2,3, and 4. Typical cross sections are shown in fig- 
|ure 4. As planned, the channel would follow the general course of 
the Bois de Sioux River with such cut-offs as are considered advan- 
tageous. It is possible to obtain a uniform slope of 0.0001 (about 
one-half foot per mile) for the entire length of 224 miles. For | 
the first 13 miles the proposed channel has a bottom width of 40 
feet, widening out to 52 feet just above the entrance of lateral 1 
of the secondary system (see fig. 3, sheets 2.and 3) and continuing 
thus for 44 miles to the mouth of the Rabbit River where the bottom 
width again increases and continues at 80 feet to the end of the ex- 
cavated channel, about 54 miles south of Wahpeton. Side slopes of 
1.1 are planned throughout. To obtain the necessary capacity in 
the Bois de Sioux channel between the end of the excavated channel 
‘and Wahpeton, it would be necessary to clear out the brush, trees, 
-and debris, but no excavation is contemplated here. The sluiceway 
in the dam would discharge directly into the upper end of the outlet 
channel, and the spillway overflow would reach it just below through 
a short channel (see fig. 3, sheet 2). 

The normal capacity of the upper 13 miles of the channel is 1,000 
second-feet, increasing to 1,300 second-feet and 2,000 second-feet at 
the outlets of lateral 1 and Rabbit River, respectively, to provide for 
the additional flow entering at these points. A 10-foot depth of flow 
is sufficient to give these capacities, although a somewhat greater 

depth is available at all points below the outlet of lateral 1. To pro-. 

vide for extreme conditions it is planned to make the spoil banks 
on both sides continuous as far down as the outlet of lateral 1. 
This will permit a flow of 2,000 second-feet, which is 1,000 second- 
feet in excess of the normal capacity, without overflowing the ad- 
_ joining land. The increased flow can be taken care of below this 
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point by the greater width and excess of depth available as note : 
above. The continuous spoil banks would necessitate the use of 
flood gates for the small drains entering this section of the main 
channel, and the construction of spoil-bank levees along the lower. 
parts of the larger ditches that enter the outlet channel. Such an | 
arrangement would make possible the drainage of the low, wet areas | 
along the Bois de Sioux, and only under the most extreme conditiont | 
of flow, which seldom occur, would there be any danger of llooduaal 2 
the fears adjacent to the outlet channel. | 


THE SECONDARY DITCH SYSTEM. 


The secondary ditch system is designed pirmarily to provide outlet | 
for the local drainage which will be necessary in the development | 
‘of the wet lands along the Bois de Sioux River. The ditches are « 
placed also with the view of relieving the upper part of the main 7 
channel from the run-off from the adjacent land, leaving its entire : 
capacity free for the removal of the discharge from the reservoir. | 
The proposed locations of the seven laterals are shown on figure 3, | 
sheets 2, 3, and 4. All would have final outlet into the main channel, | 
with the exception of No. 7, which would discharge the water from » 
Big Slough into the reservoir above the dam, thus permitting it to )| 
be controlled within the reservoir. These lateral drains are designed | 
with capacities great enough to carry any probable run-off from their *| 
drainage areas and, because of construction limitations, are in most | 
cases oversized. | 

BRIDGES. 


On account of the enlarged channel along the Bois de Sioux, it | 
will be necessary to replace most of the present bridges with larger | 
ones. Several of the steel spans can be used at their present loca- 
tions by readjusting their elevations and constructing approaches, 
and some of the present pile trestles can be utilized as approaches” | 
for new steel spans at the same locations. As the design of highway 
bridges is in most States controlled by the State highway depart- | 
ment, no consideration has been given to the design of the bridges” 
necessary, but it is assumed that steel bridges with concrete abut- — 
ments will be used. It is estimated that six spans 60. feet to 80 feet 
in length, and 14 spans 20 feet to 28 feet long, will be necessary. 


LOCAL DRAINAGE. 


To gain full benefit from the proposed improvements, it will be 
necessary to supplement them by local drains in all parts of the af- 
fected areas. The secondary ditch system as planned herein will, 
to a certain extent, drain the land in the immediate vicinity of the 
ditches, but the main object of these ditches is to provide outlet for | 
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' | thorough drainage of small areas. Although a large amount of local 


drainage is necessary in the watershed, plans for it are not discussed 


‘| here. This work should be taken up under State drainage laws. 


RESULTS OF IMPROVEMENTS. 


Lake Traverse and the Bois de Sioux River constitute the outlet 


} for 1,200,000 acres or 1,875 square miles of land, of which 1,345 square 
, miles are in Minnesota, 170 square miles in North Dakota, and 360 
square miles in South Dakota, as indicated in Table 1. Run-off from 
| the higher parts, 1,087,630 acres, of this watershed now causes con- 
| siderable flooding over an area of 112,370 acres of lower-lying lands 


divided among the three States as follows: Minnesota, 31,140 acres; ° 
North Dakota, 75,160 acres; South Dakota, 6,070 acres. This lower 


} land is all directly tributary to Lake Traverse and the Bois de Sioux 


River below the location that has been suggested for the detention 
reservoir and dam. 

The proposed improvements are designed to control the run-off 
from the upper watershed of 1,335 square miles above the proposed 
dam, (1) by storing in the reservoir all the run-off from this water- 
shed during March and April; (2) by storing during other periods 
after May 1 the flow into the reservoir in excess of the 1,000 second- 
feet which would be discharged through the control outlet; (3) by 
storing all the run-off that occurs during any period of 15 days dur- 
ing the summer when the run-off from territory below the dam fills 
the channels farther down. The channel capacities and provision 
for control of run-off are so planned that when operating in con- 


“junction with properly designed and constructed local drainage, the 


flow of water over the entire Lake Traverse-Bois de Sioux water- 
shed can be so regulated that no serious damage will result from 
flooding or lack of drainage. As a result of the construction of the 
proposed improvements 112,370 acres will be protected from overflow 
and given good outlet drainage. The Lake Traverse-Bois de Sioux 
project is complete within itself. While it may, if desired, be in- 


' cluded as a part of the larger Red River project, it can be prosecuted 


entirely independently of any other improvements. 
COST ESTIMATE, 


A statement of the necessary construction work together with the 


_ estimated cost of the various items follows: 


Browns Valley levee and railroad embankment___---_--------------- $39, 970 ; 
fam, earth embankment_.-_____-____ SN ee ee ee 107, 950 
ETT etre a _ 66, 960 

TL SUE T SE 062 2 eS es et pg eR nl 67, 960 

GUE LEST) ES es ae ee ices 25, 700 

EMR aa ee ee ries FE Eh ee ee 394, 770 


- closely the probable cost to the various interests until the laws under | 


the larger Red River project described later. 


~™ 
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Secondary ditch system Dey ee i A Ne iN ae) ee ee ee $198, 900 — 


Brid ces 255 eee 89, 26 0 
Miewaresrights: hse ene laa ae a es aries eee ems ee eee 284, 76 ta 


Continzent-expense “(about, 1O0eper (Cent) = ee a ee ee eee 123 


This estimated cost, if raised by-special benefit assessment placed 
on the 112,370 acres of land which would be affected directly by the 
improvements, would approximate $12.50 per acre. The assessment 
could of course be made less than that amount per acre by placing — 
a part of the expense on the 1,087,630 acres of land which com- | 
prise the upper portion of the watershed. Some benefits would also — 
accrue to the lands north of Wahpeton. It is impossible to estimate + 


which the improvements will be constructed are known. The cost of _ 
reclamation is, however, very reasonable when the value of the land | 
as it now is and as it will be when drained is taken into consideration. _ 


RED LAKE—RED LAKE RIVER PROJECT. 


The plans for improvements in Red Lake and Red Lake River — 
as recommended in the report of the Corps of Engineers, United | 
States Army (see House Doc. No. 61, 66th Cong., Ist sess.), con- 
template the construction of a dam and sluices at the outlet of Red — 
Lake for the control of lake stages and outflow, the building of © 
rock jetties for the protection of the outflow channel, and the enlarge- Ed 
ment and straightening of the upper 45 miles of the Red Lake River 
channel. The construction of a lock for navigation is also consid- | 
ered but not recommended as necessary at this time. Certain fea- — 
tures of the project are here described which are closely related to — 


RED LAKE, 


Red Lake has an area of 441 square miles. The adjacent land on 
the north, east, and west is low and flat with smal] streams and 
drainage ditches entering the lake. The land to the south is high ~ 
and rolling and of a sandy character. During periods of high water ~ 
the lowlands are overfiowed and the drainage systems rendered in- 
operative. Commercial navigation is carried on to a limited extent 
in the lake which is of ample depth for the purpose. The approxi- 
mate elevation of extreme high water is 1,177 and of extreme low 
water 1,173, giving a range of 4 feet. i 

It is ended to limit the lake to a range of 3-feet by a conte es 
dam at the outlet, providing for minimum and maximum surface — 
elevations of 1,171 and 1,174, respectively, for calm-water conditions, 3 ) 

; 
: 


epee 


with an allowance for wind tide of 1 foot, bringing the extreme 
stage up to 1,175. The range of 3 feet will provide a storage capacity 
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of 36,000,000,000 cubic feet, which will hold the estimated maximum 
| annual flow of 25,000,000,000 cubic feet with a margin of 44 per cent. 


’ RED LAKE RIVER. 


| The Red Lake River has its source in Red Lake and has a length 
‘of 193 miles. It flows in a northw estery direction for 71 miles to 
| Thief River Falls, thence in a southwesterly direction for about 61 ~ 
| miles, and thence in a northwesterly direction for about 61 miles to 
| its junction with the Red River of the North at East Grand Forks, 
-Minn. 

_ For about the first 37 miles at the upper end there is no definite 
j valley, the stream following a tortuous course through the flat, 

| swampy country with its bed about 5 feet below the general ata 
‘level. Owing to the slight fall the channel has been obstructed and 
filled in until it is inadequate to carry even the normal high-water 
| discharges without overflowing the adjacent land. The valley takes 
form at High Landing; it is about one-eighth mile wide at Thief 
River Falls and the width increases to three-fourths of a mile at the 
mouth. Between Thief River Falls and Crookston the river de- 
| seends in a series of short rapids. Below Crookston the fall decreases, 
giving depth and velocities of flow which permit navigation by small 
| aunches between Fisher and East Grand Forks. Below High Land- 
ing the banks are of sufficient height to prevent overflow under high- 
water conditions except on the lower portion just below Fisher (fig. 
| 3, sheet 13), where at extreme high stages the river breaks over and 
| a part of the flow discharges through the Grand Marais (fig. 3, 
| sheet 14). There are but two tributary streams of importance, the 
| Thief River entering from the north at Thief River Falls, and the 
| Clearwater River entering from the east at Red Lake Falls. 


CONTROL OF RED LAKE. 


The dam proposed. for the control of the lake stage is of the ordi- 
nary type of reservoir dam adopted in that district, and consists of 
‘a reinforced concrete floor resting on pile foundation, which in 
: = supports alternate piers and stop-log sluices.” To prevent the 
‘refilling of the excavated outlet by littoral drift, it is proposed to 
construct jetties of loose bowlders extending about 1,600 feet out into 
4 lake to the end of the excavated channel. The log sluice provided 
- in the dam may be used for the passage of small launches between the 
- river and lake. Tentative location for a regular lock was selected, - 

should navigation ever warrant its construction. 


SS ls 


be 
b% IMPROVEMENT OF RED LAKE RIVER. 
;- 


As the extent of navigation does not warrant the expensive opera- 
tions necessary to render navigable the stretch of river from Thief 
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menended only for the upper part of the river. It is proposed to 
deepen and widen the first 45 miles of the channel, straightening it 

by cut-offs at excessive bends, and thus reducing the actual length of 
the dredged channel to 40 miles. With a bottom width of 60 feet, 
side slopes of 14 to 1, an 8-foot depth of flow, and a uniform slope of 
0.7 foot per mile, the capacity is computed to be 1,037 cubic feet per 
second. This size and capacity is considered necessary to carry, with © 
a minimum bank clearance of 2 feet, the maximum flow of 800 second- | 
feet which may be expected under such conditions as occurred in the + 
wet years of 1904 and 1905. 4 
3 RESULTS. 4 
The most extensive benefits to be gained through this project will be « 
in the improved flood and drainage conditions in the upper river, the : 
lake, and the surrounding country. Next to this in importance is the = 
advantage to water-power interests resulting from the controlled | 
flow of Red Lake water. It is claimed that the project will be of | 
benefit also to municipal water supply systems, and lastly that it will | 
be of value to navigation in the lake and the upper reaches of the » 
river. rs 
DRAINAGE AND FLOOD PREVENTION. 


bof ste 


High stages in the lake and upper river cause great loss in the sur- » 
rounding country by submerging considerable areas and backing up » 
into the drainage systems. The lowering of the lake surface and — 
improvement in the river channel will prevent flooding, eliminate the 
backwater which now obstructs flow in the present ditch systems, and — 
make possible adequate outlet facilities for further drainage opera-_ 
tions. Hundreds of thousands of acres of land, it is stated, will be 
benefited, some by reclamation from a state of permanent nonpro-— 
ductiveness, and some by transforming land—the farming of which is" 
at best a hazard—into land upon which profitable returns are prac-_ 
tically assured. According to documents No. 27, Sixty-first Con-— 
gress, first session, and No. 971, Sixty-third Congress, second session, 
there are now or will be a total of 485,300 acres benefited by drain-— 
age systems tributary to Red Lake and Red Lake River above Kratka, 
Minn. Of this, 236,800 acres lie within the Red Lake Indian Reserva- _ 
tion. The Army engineers’ report assumes that the 485,000 acres may _ 
reasonably be assessed $1 per acre for benefit to be derived from the — | 
project. ; Bese a 

WATER POWER. 


There are now in operation on Red Lake River four water-power : 
plants having a total head of about 50 feet. The Army enginee 
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| estimate that the control works at the outlet of Red Lake would 
| cause a minimum increase in flow of 500 cubic feet per second, which 
would make possible a total increase during low-water periods of 
about 2,275 horsepower for the four plants now in operation. At 
undeveloped power sites having a total head of 150 feet the increase 
would amount to about 6,825 horsepower. 


mi COST ESTIMATE. 


The estimated cost of the proposed improvement as given in House 
document 61 is as follows: 


Channel excavation in Indian Reservation_____-_______-_________ $266, 457. 00 
Channel excavation in Pennington County___----_~ a = 300, 153. 00 
a ce Sec na SAR gpg 108, 300. 00 
Reeth Xia Pies= a i as eon 79°52, 109-20 
Cad 2 as ES ral 12, 000. 00 
ETI pesomeemnen pes i oe ee 39, 380. 80 

co Es Sc ae aa 779, 000. 00 


APPORTIONMENT OF COSTS AND BENEFITS. 


_ Following is an apportionment of the cost which is recommended 
by the report as equitably based upon the proportionate benefits re- 
ceived by the various interests: 


Costs. 
Interests. Annual | Benefits. 
: mainte- 

First cost. mnaCorind 

operation. 
Per cent. 
2 IRBTF TED UETRSINS che SEL ae Se i ie $240,000.00 | $3,700.00 30. 8 
op DEED TO CUES AS ES tp Ia i See ed | 236, 800. 00 3, 650. 00 30.4 
memes emiende Indianreservation.=.-2.-.,-.-..---:------/s-.200----+0-- 248, 500. 00 3, 850. 00 32.0 
WIC evALCTSUPPLY co csc cole oes elk Soe cc eee eee dell elee wae | 39,000. 00 600. 00 5.0 
#ederal Government for navigation...............-.-.----------- ----| 15,000.00 |. 200:00: |, 25 ales 
oo niekae amore "Oe saga al ae tee Aaa | 779,300.00 | 12,000.00| 100.0 


ADMINISTRATION. 


It is recommended in the report that the work of construction and 
operation be financed and accomplished through a drainage district 
organized under the laws of Minnesota, in cooperation with the 
Indian Bureau and under the supervision of the War Department, 
the Federal Government apportionment for navigation to be used to 
defray the expense of this supervision. The title to the works would 

_be held by the drainage district, and all improvements made by the 
district would be in accordance with plans approved by the Chief of 
Engineers and the Secretary of War. 
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Preliminary proceedings are under way in several counties in 


Minnesota to organize a special improvement district to raise funds” 


among the property owners for carrying on the work. The coopera= 


tion necessary between the Federal, State, and local authorities ‘ | 


not yet fully arranged. 
The Red Lake-Red Lake River project is complete within itself 
and should be developed as a separate undertaking rather than as a 


part of the larger interstate Red River project. To attempt to com-_ | 4 
bine the two projects would in all probability delay development in | 


one or both without adding anything of value to either. 


THE EFFECT ON RED RIVER OF THE NORTH. 


The proposed increase in minimum flow in the Red Lake River | 


would increase to some extent the low-water stages of the Red River © 
below the junction of the two streams and the control of Red Lake © 


would decrease the high stages at Grand Forks by about 1 foot or 


possibly 1} feet. The effect in lowering high stages of the Red 
River would be slight because the drainage area tributary to Red 


Lake is small as compared with that of the Red River above Grand | 


Forks and because the relative effect of storage on high river stages 


decreases as the distance downstream from the reservoir increases. — 


On account of the general distribution and more rapid concentra- 
tion of heavy run-off in the spring, the effect of the control of Red 


Lake in lowering high stages of the Red River would be more con-~ 
sistently noticeable at this season than during storm periods in thes 


summer months. 
RED RIVER PROJECT. 


The problem presented by the Red: River, considered alone, is 


essentially one of flocd control. As an outlet for the drainage of the | 
watershed it is capable, under ordinary conditions, of removing ~ 


promptly the discharge of its various tributaries. It is only when 
excessive run-off occurs over all or a considerable part of the water-_ 


shed that flood stages occur in the Red River. A relatively small 


reduction of the high stages would be sufficient to prevent overflow — 


and the resulting damage. As there is no practicable method of en- 


tirely preventing the water from reaching the Red River in flood | 


volumes, it is necessary that some plan be developed for controlling 
the flow within the channel. 


There are four general methods of flood control or regulation — 


which include practically all the devices employed for this purpose. — 


These are.the use of reservoirs, the construction.of levees, stream — 
diversion, and channel improvement. Often a combination of two — 


or more of these methods may be necessary. In each of the methods — 


there are a variety of plans, differing in details of design and con-— 


struction by which the results may be accomplished. 


| 
| 
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RESERVOIRS. 


A study of the map of the valley and the profile of the river makes 
it apparent that the employment of reservoirs is not feasible along 
any part of Red River Channel and that this method of improvement 
may at once be eliminated. The flat, almost level topography ex- 
tending from 10 to 30 miles back from the channel on both sides 
along its entire length offers no opportunity for the creation of a 
storage or detention basin at any point. To secure sufficient. storage 
to affect flood stages appreciably it would be necessary during wet 
periods to inundate great areas of the most fertile land in the valley 
as well as farm homes and urban districts. This fact alone, without 
consideration of the practicability and expense of dams and other 
features necessary, precludes the pursuance of this plan in connec- 
tion with the Red River proper. 

_ On some streams it is possible to control floods by the use of reser- 


-yoirs on tributary streams. The possibility of so controlling the 


floods on the Red River of the North was investigated. It 
was found possible completely to control the run-off from the Lake 
Traverse watershed of 1,335 square miles and from the Red Lake 
watershed of 1,950 square miles. The Otter Tail River above 
Fergus Falls, Minn., is now quite closely controlled by storage in 


natural lakes which act as reservoirs, and as the demand for power 


increases the run-off from this stream will no doubt be more closely 
controlled than it now is by the power companies. 

The possibility of constructing storage reservoirs on other tribu- 
taries was investigated. It would no doubt be possible to construct 
reservoirs on some of the streams and completely control the floods 
on the watershed above the reservoirs, but the benefit from such con- 


trol at this time was not found to be sufficient to warrant the expense. 


On the Sheyenne River, for instance, there are several locations where 
it appeared that dams might be constructed that would impound the 
run-off from the watershed above. Because of the light precipita- 
tion on the Sheyenne watershed the amount of run-off is seldom large 
when compared with that of the Red, and the effect on flood stages 
in the Red from cutting off the flood discharge from the Sheyenne 
would apparently be relatively small. The data in regard to run- 
off from the Sheyenne are meager and more are necessary to deter- 
mine with some certainty the probable run-off. On other streams 


which have relatively high run-off from small watersheds, such as 


the Buffalo River, Wild Rice River, Snake River, and Two Rivers in 


_ Minnesota, no sites suitable for reservoirs which would impound a 
large quantity of water at a small cost were found. On the tribu- 


taries of the Red, coming in from the North Dakota side, somewhat 


similar conditions exist and in addition the rainfall is considerably 
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lighter. As the valley develops and more complete protection from 
floods becomes necessary, the construction of reservoirs on some of — 
_the tributaries may be desirable. 


LEVEES. 


The physical features of the Red River channel and valley are | 
fairly well suited to the levee method of flood protection, and good 
results could be obtained by the proper location and construction of | 
levees. However, there are several reasons for concluding that the — 
adoption of this plan is not at present advisable, except possibly in 
certain reaches of the river. 

To secure complete protection under all conditions, it would be 
necessary to construct levees from 5 feet to.20 feet in height along 


both sides of the greater part of the channel. In addition, it would _ 


be necessary to levee most of the tributary streams for considerable 


distances above their outlets. The enormous yardage of earthwork _ 


involved in such operations and the difficulty and expense of obtain- 
ing right of way, especially through the cities and towns, would run 
the cost high above that of other methods only slightly less effective. 

It has been shown that, although floods may occur at any point 
along the Red River during the spring months, and although above 
the. Sheyenne River the Red River may during the summer reach 
stages that are damaging to property within the outer high banks, it 
is altogether unlikely that any trouble from high-river stages will 
occur below the mouth of the Sheyenne except during March, April, 
and the early part of May. It is shown in the following paragraphs 
that by means of stream diversion and channel improvement the dam- 
age from summer flow above the mouth of the Sheyenne can be elimi- 
nated, and that the spring floods along the entire length of the river, 
except in the case of ice gorges, can be so reduced that no serious 


inundation of the adjacent Jand will occur. The overflows do not 


attain damaging velocities, and in spring they occur at a time when 
the only resulting damage to crops is a delay in the spring seeding. 
Moreover, with the increase in rates of flow, due to possible improve- 
ments in the channel, the water cover would be shallow, of short 
duration, and of rare occurrence; therefore it seems evident that the 
great expense involved in a complete levee system wovld not be war- 
ranted at the present time. 

As the country becomes more thickly settled, conditions may make 


the construction of levees advisable along certain stretches of the 


channel where complete elimination of flooding is not to be secured 
by other means. In this connection it would be well if all buildings 
and other construction of a permanent nature could be kept at least 


300 feet back from stream banks in order to provide the space neces- — ‘3 : 
sary for the waterway and embankments should such construction be 


) 
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undertaken later. Furthermore, any local levee projects that may be 
taken up should be based upon some comprehensive plan in order. 
that they may conform to possible future work of this nature. 


DIVERSION FROM DAKOTA WILD RICE RIVER. 


There are numerous places in the watershed where stream diver- 
sion in one form or another can be advantageously employed. Of 
such cases there is but one, that of the Dakota Wild Rice River, 


: where this method can be employed for directly effecting an improve- 
_ ment of flow conditions in the channel of the Red River, in conjunc- 


tion with other measures recommended in this report. Projects of 
this kind which directly affect the tributary streams only, are not 
here considered except in a general way and should be taken up under 


- the laws of the States in which the streams are situated. 


As the Red River les in the center of a broad valley flanked on 


_ both sides by land of considerable height, it is impracticable to diver 


any of the flow in the main stream to other outlets. Neither is it 
possible to divert the flow of any of its tributaries away from the 
Red, except in the case of Lake Traverse watershed and this plan has 
been rejected for sufficient reasons as a result of previous investiga- 
tions. Auxiliary channels parallel with the river would be more 
expensive than the levee construction necessary to gain equal results, 
and are quite impracticable. The one remaining applicable plan in 


_ the way of stream diversion, is that of relieving overloaded sections 


of the channel by changing the locations of the outlets of tributary 
streams. Such changes in location are possible in various stream out- 
lets along the river, but under present conditions and in view of 
results obtainable by channel improvements of the Red, the only such 
change that will produce results warranting the expense involved is 
a change in the location of outlet for a part of the discharge of the 
Dakota Wild Rice River during flood periods. 

Recommendations in this connection contemplate a wide, compar.- 


tively shallow floodway with a capacity of 2,250 second-feet, leaving 


the channel of the Wild Rice River a short distance above the town of 


- Wild Rice, N. Dak. (see fig. 3, sheets 7 and 8), following a north- 


westerly direction to the channel of the Sheyenne River, and entering 
the latter at some favorable point. The exact location of the flood- 
way should be determined by a more detailed study of the locality 
than has yet been made. The length of the floodway would be about. 
7 miles. In addition it would be necessary to improve the channel of 


_ the Sheyenne River from the point where the floodway enters to the 


mouth of the river (see fig. 3, sheets 8 and 9), providing for a flow 


_ considerably in excess of that which it now can carry. This can be 


accomplished by clearing the channel of obstruction, no excavation 
being necessary. 
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The floodway should leave the Wild Rice River with a bottom ele- 
vation somewhat higher than the river bed, and should be provided — 
with a concrete inlet sluiceway with control gates by which flow can~ 
be entirely closed off. By cutting the sides to a gentle slope the whole 
channel can be used for meadow or pasture land except during the 
short periods of a few days or weeks at rare intervals when it will | 
contain water. Such use of the channel will be advantageous not 
only agriculturally but also as a means of channel maintenance. 

The portion of the Red River channel between the mouths of the 
Dakota Wild Rice and Sheyenne Rivers is rather restricted and badly 
obstructed in certain parts. Above Fargo it is somewhat larger than — 
below but owing to greater obstruction has about the same capacity 
of flow. At present about 6,000 second-feet is the maximum flow that — 
can be accommodated without overflow of improved property. By 
channel improvement this can be increased to 8,060 second-feet from — 
the mouth of the Wild Rice to Fargo, and to 7,500 second-feet from 


Fargo to the mouth of the Sheyenne. Of course the smaller figure | 


governs in the design for relief (see fig. 3, sheets 7 to 9, inclusive). 
The rate of flow in this part of the river channel has exceeded 
7,500 second-feet in the past, and without doubt will do so in the 


future unless steps are taken to control it. It is proposed here, by 


diverting part of the flow of the Dakota Wild Rice River and by 
- controlling the run-off from the Lake Traverse watershed, to limit 
the flow in this portion of the channel of the Red River to a maximum 
of 7,500 second-feet, which can be carried by the improved channel 
without damage to contiguous property. As the outlet of the Wild 


Rice into Red River is but a short distance above Fargo, a large © 


reduction in rate of discharge from Wild Rice will result in prac- 
tically equal reduction in rate of flow in the Red River at Fargo and 
just below that point, where the channel capacity is restricted. 
Considering first the summer flood flow (see Table 5), this is — 

estimated at a maximum of 9,652 second-feet at Fargo; the probable 
maximum for the Wild Rice is 3,315 second-feet; for the Red above 
the mouth of the Wild Rice, 6,656 second-feet; and for the small 
streams between this point and Fargo, 520 second-feet. Assuming 


that when the flow at Fargo reaches the maximum of 9,652 second- — 


feet the Wild Rice is contributing its maximum of 3,315 second-feet, 
the flow at Fargo can be reduced to less than the allowable 7,500 by 
diverting 2,250 second-feet from the Wild Rice through the flood- 
way. On the other hand, if the Red River above the mouth of the 
Wild Rice, and the small streams between that point and Fargo, 


were all flowing at their maximum rates, the Wild Rice would be © 


contributing only 2,476 second-feet, and by diverting 2,250 of this — 


through the floodway the flow at Fargo would be kept within the | 
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Gate limit. In any case, when the flow at Fargo would amount to 
2, 652 second-feet mucho control, enough could be diverted through 
“the floodway to reduce it below @ 500 second-feet without overtaxing 
ihe diversion channel. With the stage in the Red high enough to 
cause a flow of 7,500 second-feet at Fargo, the stage in the W ld: Rice 
at the entrance to the floodway would be high enough, either from the 
flow of the Wild Rice itself or by backwater from ie Red, to allow 
the withdrawal of the 2,250 second-feet at an elevation coneee ably 
above the bed of the Wild Rice. 

The probable maximum spring flood flow at Fargo, amounting to 
11,580 second-feet, is next considered. To produce such a flow would 
require that all the tributaries above this point should reach very 

nearly the maximum spring flow as noted in Table 5, and that each 
should crest at such particular time as would produce the maximum 
combined effect at Fargo. Although it is not believed that such a 
condition will ever exist in the case of summer floods, it is possible 
that it will occur in the spring. In this event the fiow in the Wild 
Rice River would be 4,420 second-feet. By diverting 2,250 second- 
feet through the flood way, the flow of the Red at Fargo would be 
‘reduced by practically that amount. Assuming that the effect of the 
2,670 second-feet flowing from the Lake Traverse watershed is re- 
duced to 30 per cent before reaching Fargo, which under conditions 
of flood flow is considered liberal, it is seen that by closing the sluice- 
way at the Lake Traverse detention reservoir and completely shut- 
ting off this flow during the spring months the flow at Fargo from 
this source would be reduced by 1,870 second-feet. This, combined 
“with a reduction of 2,250 second-feet caused by diversion of this 
“amount from the Wild Rice River, would give a total decrease of 
‘flow at Fargo of 4,120 second-feet, which would bring the flow at 
‘this point well within 7,500 second-feet. With such control of the 
flow in operation and the recommended channel improvements 
described hereafter accomplished, the elevation of the flow line dur- 
‘ing such floods as that which occurred in 1897 would be lowered 
about 15 feet. 
_ The surveys and investigation make it apparent that the overflow, 
during flood periods, of the land along the west side of the Red River 
where the Wild Rice and Sheyenne iors flow almost parallel with 
it, are not caused entirely by overflow from the Red. Both of these - 
Be ibuteries have channels of insufficient capacity to carry their flood 
flow and are partly responsible for the floods in this region. Conse- 
quently it will be necessary, in addition to providing a diversion 
channel for the Wild Rice, to improve the channels of the Wild Rice 
and Sheyenne Rivers neo the points where the floodway joins 
them. While this probably can be more readily accomplished under 
— 70352°—22—_6 
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the laws of North Dakota, it should be done at the same time and | 
in cooperation with the floodway project. The floodway would 
so relieve high-water flow in the Wild Rice below the intake that 
little or no stk on the channel would be necessary below this point. 
The improvement of the Sheyenne channel below the outlet of the 
floodway would necessarily be included as a part of the Red River | 
project. 


CHANNEL IMPROVEMENT IN RED RIVER. 


In considering possible methods for improving the channel of the # 
Red River, two may at once be discarded as impracticable, taken 
either separately or-in combination. These are cut-offs, and en-— 
-largement of the present channel. The number of cut-offs to be~ 
made, the great size of the excavated channel required, the depth 1} 
of cutting necessary, and the disposal of the immense quantities of J 
excavated material, require a scope of operations and present tech- ; 
nical difficulties that would make the cost prohibitive. | 

The most economical plan in this connection, and a very effective J 
one, is that of clearing the channel of the ois oe which greatly | | 
retard the flow and are in a large measure responsible for overflow ~ : 
during high-water periods. As previously noted, the channel |}! 
throughout its length is more or less obstructed by trees, brush and | 
undergrowth, artificial structures, refuse dumps, and débris of vari- | : 
ous kinds. Along certain reaches the channel is almost completely 
choked by trees with the exception of a narrow strip which serves a 
as a low-water channel and is kept open by the continuous flow 
throughout the year. During high-water periods the entire channel | 
is necessary to carry the flow and, as a result of the obstructed con- | 
dition of the greater part of its cross-sectional area, the velocities are | 
so low that the water passes through the channel at a slower rate |} 
than it is brought in by the tributaries. Such channel conditions — 
also tend to cause serious clogging by floating ice when it is present. 

It is recommended that from Wahpeton, N: Dak., to the Canadian 
boundary, a distance of 394 miles along the river (see fig. 3, sheets” 
4 to 20, inclusive), the channel be eleeed of all trees, ta deadfall, a 
débris, and structures of all kinds except bridges, which seriously, 
‘interfere with the free flow of water. If ae the entire high- 
water channel should be cleared. The channel, having once beenill 
cleared, should be maintained permanently in good condition. This 
can best be done by pasturing the channel, or using it for hay land. 
It is not believed advisable to include under this project the removal 
and rebuilding of all bridges which. cause obstruction to flow, as 
most of these are of wood and will not be serviceable for more than 
a few years, after which they must be replaced or the crossings aban- 
doned. In replacing present bridges and in constructing additional 
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ones, it should be required that all bridges shall span the whole 
channel and be placed high enough to clear the high-water flow. 

The width of the channel to be cleared varies in different sections 
of the river and the amount can be determined only by a detailed 
survey. An approximation of average widths for three sections of 
the channel based on information secured during the survey gives the 
following: From Wahpeton to Fargo, 100 feet on each side of the 
present low-water or open channel; Fargo to Grand Forks, 150 feet 
on each side; Grand Forks to the Canadian boundary, 200 feet on 
each side (see fig. 4). With such a strip cleared on each bank the 
approximate average widths of open channel in the three sections 
mentioned above would be 300 feet, 430 feet, and 600 feet respectively. 
As a result, during high-water periods the volumes of water which 
would pass in a given time through this wide unobstructed channel 
would greatly exceed those under present conditions. 

It is believed advisable to gain control, under this project, of a 
strip of land 200 feet wide outside the land actually to be cleared on 
both sides. This would provide ample space for operations and for 
limiting all encroachments. After clearing the channel, the part 
of it outside the low-water flow-line should, where possible, be 
seeded to grasses; this would not only provide pasturage or hay land, 
but also would aid in keeping down the cost of maintenance. 


EFFECT OF CHANNEL CLEARING. 


_ The value of channel clearing becomes more evident when the re- 
sults are reduced to figures which show approximately the increase 
in carrying capacity of the channel that can thus besecured. The sec- 
tion between Wahpeton and the mouth of the North Dakota Wild Rice 
River at present will carry about 4,000 second-feet without overflow. 
By the proposed clearing this can be increased to 5,400 second-feet, 
which with the reduction in flood volumes obtainable through the 
Lake Traverse detention reservoir will be adequate to provide for 
the disposal ofall spring and summer flow. From the mouth of the 
North Dakota Wild Rice to the mouth of the Sheyenne the capacity 
can be increased from 6,000 second-feet, its present value, to 7,500 sec- 
ond-feet. Between the mouths of the Sheyenne and the Red Lake 
Rivers, the capacity of the Red River channel is now 15,000 second- 
feet and this can be increased by about 3,500 second-feet which would - 
be ample to prevent practically all overflow along that section of the 
stream. Below the mouth of the Red Lake River at Grand Forks 
the channel in its present condition will carry 25,000 second-feet; by 
clearing out. obstructions a flow of 30,800 feet can be provided for 
throughout:the remainder of its length in the United States. The 
increase in capacity securable amounts to from 20 per cent in the 
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larger part of the channel below Grand Forks to 35 per cent just 
below Wahpeton where the sectional area is much smaller. The 
construction of the improvement on Red Lake and Red Lake River 
~ will also have some effect in reducing flood stages below Grand Forks. — 
On account of the considerable diane the water must travel to reach 3 
the river after leaving Red Lake, the effect of reducing the flow from 
that lake will be partly lost foe Grand Forks is parece - These | 
capacities indicate the rates of flow that can be accommodaiaae 
throughout the length of each section without overflow at any point. — 
The increased capacity thus gained would not entirely eliminate 
flooding below the mouth of the Sheyenne River. The rates of flow = p 
provided for—18,500 second-feet below the mouth of Buffalo River | 
and 30,800 second tect below the aigudhon Bee bales er—prob- 
ably will be exceeded in the spring at intervals of from 10 to 25 years, — a 
during such floods as occurred in 1882 and 1897. It is possible that 
at still rarer intervals the summer flow may cause slight flooding, 
but it is highly improbable that this will occur, because overflow _ 
during the summer could only be caused by run-off about 40 per 4 
- cent greater than has ever been recorded at that time of the year. 4 
In all cases of flooding the river stages would, as a result of the 
- improvements, be lowered by approximately 5 feet; this would re- | 
duce the flood damage to a point where further igen would not 
be economical at present. 


RESULTS OF IMPROVEMENTS ALONG THE RED RIVER. 


The works recommended along the Red River between Wahpeton, 
N. Dak., and the Canadian line consist of: (1) A floodway connect- 
ing the Dakota Wild Rice and Sheyenne Rivers at some distance | 
above their mouths; (2) the improvement of the Sheyenne channel — 
below the floodway outlet; and (3) the clearing out of the Red River 
channel for a distance of 394 miles from Wahpeton to the Canadian — 
boundary. The maintenance of these works when once constructed | 
is essential to the success of the project. 
_ The results of these improvements may be summed up as follows a 

From Wahpeton to the mouth of the Dakota Wild Rice River the 
capacity of the Red River channel would be great enough to provide 
for any volume of water that will come, provided the recommended 
Lake,Traverse storage reservoir is in operation; thus overflow along ~ 
this section of the river would be eliminated. 

The floodway channel from the Dakota Wild Rice to the Sheyenne J 
River, functioning in conjunction with the Lake Traverse reservoir, © 
would so control the flow in the restricted section of the Red River 
channel between the mouths of the Wild Rice and the Sheyenne 
that it would at no time exceed the rate of 7,500 second-feet, which — 
can be carried without overflow through that section of the channel — 
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| when cleared of obstructions as recommended. Overflow of the 
+ Wild Rice and Sheyenne channels, below the points where the fiood- 
way joins them, would also be eliminated. Overflow of these chan- 
| nels above the floodway can be eliminated by proper channel improve- 


ments carried out under local authority in conjunction with the Red 


River project. 


The capacity of the Red River channel below the mouth of the 
Sheyenne River would be increased to such an extent that only the 
greatest floods of rare occurrence would cause overflow, and in these 
the river-stages would be lowered 5 feet below the elevation they 
reach during similar floods under present conditions. Owing to this 
lowering of the river-stages and the greater rapidity with which the 
flood volumes would be disposed of, the extent, depth, and duration 


of inundation would be greatly reduced. The resulting damage 


would thus be reduced and the quick return to normal conditions 
would prevent serious delay to farming operations. 
In short, if these improvements were properly effected and main- 


| tained all flooding along the Red River would be eliminated except 


for shght overflow below the mouth of the Sheyenne River on rare 
occasions under the most extreme conditions, and such overflow as 
may occur there would not cause serious damage. 

In order that these results shall extend entirely to the Canadian 
boundary it will be necessary that the channel improvements be 
carried some 30 miles beyond the boundary. Otherwise, the sudden 
change from the open, unobstructed state of the channel to the 
choked condition which now obtains below the line, would cause the 
flooding of territory near the boundary both in the United States 
and in Canada. Some arrangement should be made with the Do- 
minion of Canada whereby the channel improvement may be con- 
tinued far enough to prevent such an occurrence. 


ESTIMATES OF COST. 


The estimated cost of the improvements along the Red River be- 
tween Wahpeton, N. Dak., and the Canadian boundary follows: 


Piaget y Ciaichiidide.concrete, Inlet) ~~ __ ~--.__-____-_-__- = $355, 000 
Improvement of Sheyenne River channel below the flood way—-----~- 95, 000 

Improvement of Red River channel from Wahpeton to the Canadian 
eS EAE Le Ne a nae EO 8, 300, 000 
eaasaMrtbed States. 8 3, 750, 000 
Paiienaeeoreworik an Canada: - 2 250, 000 
ee ae EO a eae a eee ee 4, 000, 000 


These estimates were prepared during 1920 and it is probable 
that by the time the organization is completed the costs of making 
the improvements will be somewhat less. : 
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The Red River overflows damage 500,000 acres of land within the 
limits of this project. The improvements proposed therefore would 
afford the Prguedion: as stated above, for an average cost of $8 per 

acre. | 
ORGANIZATION. 


In the three States interested in these projects, as in most other 
States, action to secure drainage improvements to be paid for by | 
special assessment must be initiated by a petition from owners of 
land that will be affected. The drainage laws of Minnesota, North 
Dakota, and South Dakota were ansee for the same purposes, but. 
they vary considerably in the organization effected for carrying on 
the work and in the details of procedure. The drainage and consery- 
ancy act of Minnesota was passed in 1919, and provides for large dis- 
tricts and confers upon a board of feecion the necessary powers to — 
construct such improvements as may be necessary to drain the land 
and to prevent overflow. In North Dakota and South Dakota action’ 
will probably have to be taken under the general drainage laws. 
These work satisfactorily where only one county in the State is” 
interested, but the organization becomes rather cumbersome when a 
large number of counties are included. Under all of the laws it 
would apparently be necessary for the organizations in the different 
States to enter into an agreement among themselves in regard to the 
distribution of the cost of the work and the organization which 
would have charge of the construction. If satisfactory results are © 
_ to be secured on projects of the magnitude of Lake Traverse-Bois 
de Sioux and the Red River of the North, it is essential that control 
of the project be definitely centralized both during the construc- | 
tion and afterwards for the purpose of maintenance. 

One way in which the work could be handled would be for each — 
State to organize the lands within its boundaries which will be bene- 
fited as a drainage district. The administrative officials of each dis- — 
trict could then meet as one board which would ‘have entire charge © 
of the project asa whole. It would be the duty of this board to have — 
the benefits apportioned to the lands in the district, to let contracts — 
for constructing the improvements, and to arrange for necessary 
funds. After the benefits had been apportioned and the contracts — 
let, proportionate parts of the cost could be certified to the district 4 
interested in each State and they could spread the cost over the bene- | 
fited lands within their boundaries. . ; 

In the event that this method of carrying out the work proved — 
difficult of operation or unsatisfactory it.might be possible to have 
the legislatures of the several States interested enact legislation pro- — 
viding for the appointment of members of a joint commission which — 
could be given the authority granted to commissioners of drainage — 
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districts. An organization formed along the lines of that provided by 
the Ohio conservancy act should be able to carry on the work effec- 
tively and economically. If it 1s necessary to make provision for a 
special board or commission, care should be taken to see that the 
number of members is not too large. 

| Practically all streams, even the smallest, affect areas that extend 
beyond the control of any one interest; and as the effects upon any 
part of the lands through which they flow are not due to causes origi- 
nating wholly within that part but to broadly distributed conditions 
these streams should, to an extent, be considered as public property. 
The conditions along a stream are the result of natural processes not 
confined to any locality, and the beneficial effects of streams, as well 
as the extent of damage due to their existence, are dependent upon 
the balance of affecting conditions throughout the watershed. 

These conditions can be controlled to a great extent by artificial 
means and the natural processes so directed as to operate to the last- 
ing benefit of mankind. As the development of any part of a water. | 
shed may affect other parts, it is most desirable that there should be 
some central authority over the whole, to regulate such develop- 
ments so as to receive the most equitable distribution of benefits 
among all concerned. 

Such authority is desirable not only in regulating the construction 
and maintenance of artificial development, but also in preventing 
deterioration of the natural waterways as they exist. All artificial 
works require inspection and repair from time to time to keep them 
in proper order, and all channels whether natural or artificial are 
subject to a variety of conditions which impair their usefulness. 

Little attention to proper maintenance of watercourse channels, as 
such, has been given in the past and much damage has resulted from 
channel obstruction and ungoverned flow, where the only reason for 
such damage was the lack of authority and initiative to remedy the 
evil. The need of such authority is generally understood and ad- 
mitted, but until some definite action is taken in the matter present 
conditions will continue. Legislative action regarding this should 
not only provide the necessary authority, but should also impose the 
responsibility for administering it, and fix penalties for failing to 
do so. 

CONCLUSIONS. 


Owing to peculiar topography, soil, and climatic conditions much of | 
the land in the Red River drainage basin requires extensive artificial 
drainage although in many respects it is naturally well adapted for 
farming. Much has been accomplished in the way of reclamation of 
swamp lands and the improvement of run-off conditions, but further 
operations are necessary to provide adequate outlets and to relieve 


\ 
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overflow conditions, especially along the Red River. The danger of © 
overflows makes the farming of large areas impossible or hazardous; 
also it interferes with urban activities and with transportation. 
- These unfavorable conditions can be eliminated by carrying out the — 
improvements as recommended. 


The organization of these projects will require considerable time. 
Delays increase the probability that additional damage will be caused ~ 
by floods. It is desirable therefore that action which will result in) 
permanent organizations be started as early as may be possible, Co- 
ordinated effort on the part of the interested States and the Federal 
Government in the collection of data in regard to precipitation and 


-_ run-off in the three States will result in securing much information a 
of.value for preparing detail plans for the work and for operation 
after the improvements are completed. g 


RECOMMENDED INTERSTATE PROJECTS. 


Two interstate projects are recommended, each to be handled either 


_ by an executive board made up of district officials from each State or — 

else a commission appointed for the purpose which would have full 
authority. | | 

The tri-State Lake Traverse-Bois de Sioux project would include 
land in six counties, as follows: Roberts County, S. Dak.; Richland 
and Cass Counties, N. Dak.;. and Traverse, Wilkins, EL Clay 7 
Counties, Minn. The Red River project would mele land in 12 ~ 
counties, viz, Wilkin, Clay, Norman, Polk, Marshall, and Kittson — 
~ Counties, Minn.; and Richland, Cass, Traill, Grand Forks, Walsh, 
and Pembina Counties, N. Dak. It is recommended that the two 
projects include all the territory along Lake Traverse, Bois de Sioux, 
and the Red River. 

In controlling run-off and stream-flow various interests such as 
land drainage, flood prevention, water power, navigation, and others 
sometimes overlap and conflict. In the two projects proposed herein 


no serious conflict is foreseen. Should any question as to priority of — 


interest develop it is believed that land drainage and flood prevention 
will be recognized as of much greater importance than any other 1 in- 
terests here involved. 

BENEFITS AND COSTS. 


Damages from floods and lack of drainage on large areas can only 
be approximated. It is conceded generally that large losses from 
these causes have been sustained in the Red River Valley. Accord- 
ing to conservative estimates the loss due to the 1897 flood alone was 
over $7,000,000. As the value and amount of property in the valley 
is constantly increasing the danger of much greater losses from floods 
and lack of drainage is increasing also. At present a flood equal 
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to or greater than that of 1897 would cause much more damage than 
| was caused by that flood. By improving the river channel as pro- 
| posed, flood heights could be reduced by 5 feet or more and addi- 
tional outlet facilities needed in some localities would be provided. 

Benefits which would accrue from improved drainage outlets such 
as are proposed in the Lake Traverse-Bois de Sioux project would 
add greatly to the value of the land affected. 

It appears, therefore, that the two projects are well worthy of 
adoption. The benefits that would be secured during future periods 
when large run-off occurs, such as now causes floods, will be large 
enough to warrant a considerably greater expenditure than will be 
“necessary to obtain relief from these conditions. 
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